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The climate of South Australia is characterized by a well-defined wet and 
dry season; these conditions influence the geographical distribution and seasonal 
behaviour of S. viridis in this State. Rainfall in relation to evaporation affects 
the moisture conditions at the soil surface, which the insect inhabits, thereby 
restricting the occurrence of the insect to particular months (wet season) and 
limiting its distribution over the State. The present paper deals with the 
probable range of distribution of the species in South Australia. 

It is a great pleasure to acknowledge my indebtedness to Mr. W. S. Watt, 
Commonwealth Meteorologist, and Mr. E. Bromley, Government Meteorologist 
to South Australia, for the invaluable assistance they have given me in supplying 
the meteorological data. 


(1) Analysis of the Meteorological Data. 


The mean monthly rainfall data for 220 rainfall stations in South Australia, 
temperature for 25 stations, and relative humidity for 21 of the latter have been 
used. The location of certain of these stations in shown in Fig. 2. Reeords for 
evaporation (60 vears, standard Australian tank) and wind (52 years) are avail- 
able for Adelaide only. 

The ratio of mean monthly rainfall to evaporation appears to be the best 
single index whieh will indicate, during each month, the moisture in the environ- 
ment on or near the soil surface (vide Livingston and Shreve, 1921, and Prescott, 
1931). 

Evaporation is governed by the relative humidity, temperature, and 
movement of the air. From an ecological point of view the character of the 
evaporating surface, namely, the soil and its vegetative covering, are important 
considerations. Owing to the large number of variables involved, it is evident 
that any formula which may be used to evaluate evaporation ean only give a 
rough approximation to the actual values, 
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The vapour pressure deficit of the air (saturation deficit) is a function of its 
temperature and relative humidity and ean be calculated for stations where these 
data are recorded. Within the small range of values for saturation deficit dealt 
with in this paper, evaporation may be considered as varying directly with the 





saturation deficit of the air. 


The relationship between mean monthly evaporation and saturation deficit 


at Adelaide is shown in Fig 1A. 
over 60 vears. 


temperature (73 


Values for the former are from actual records 


Values for the latter were obtained from the mean monthly air 
years) and the mean monthly relative humidity at 9 a.m. (62 

















vears). The data are taken from the Official Year Book, Commonwealth of 
Australia, 1930, p. 23. 
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Fig.1. A. Relationship of mean monthly evaporation and saturation deficit at Adelaide. 
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Showing effect of the wind faétor on this relationship. 


SD x W mean monthly 


saturation deficit X mean monthly wind in miles, 














DISTRIBUTION OF SMINTHURUS VIRIDIS 61 


The significance of wind for evaporation in the different months is shown in 
Fig. 1B. After adjusting each mean monthly value for saturation deficiency 
by multiplying by the mean total miles of wind for the month, the points lie 
closely on a straight line.! 

If the points representing each month in Fig. 1A are joined to zero, a series 
of ‘‘monthly’’ lines are obtained. From these lines, the approximate mean 
evaporation each month, for stations in South Australia where values for the 
mean saturation deficits are known, may be obtained. The evaporation value 
for the required month will be at the point where the vertical line drawn from 
the saturation deficit values (abscissa) cuts the monthly line, assuming that the 
mean monthly wind velocity at these stations is the same as for Adelaide. If the 
saturation deficit value is multiplied by the appropriate value for wind, the line 
in Fig. 1B can be used. 

The mean monthly saturation deficit was obtained for 21 stations, from the 
mean relative humidity at 9 a.m. and the mean daily air temperature. Evapora 
tion values were calculated for these stations, three examples being given in 
Table 1 together with the recorded values at Adelaide. In making the computa- 
tions, the mean monthly values for wind were assumed to be the same as for 
Adelaide. 

TABLE 1. 


Showing Mean Monthly Evaporation Values (calculated) at three Stations in 


Nouth Australia compared with Recorded Values at Adelaide. 


Station. Mean. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. 
Clare Rain 1-0] 1-91 2-95 3-36 3-10 3-08 2-84 2-15 1-30 
(1.300 ft.) Satd. -30 -16 “09 *OD “05 -OS -13 -19 32? 
Evap. $-40 00 1-10 -70 «SO 1-20 1-90 3.20 5-50 

Mt. Gambier Rain 1-40 2-31 3:48 $-02 $-12 3-92 3-11 2-48 1-74 
(138 ft.) Sata. “31 12 “08 -06 “05 “07 “11 “15 -18 
Evap. 3-10 1-50 “90 -70 -70 1-00 1-60 ~.40 3-00 

Port Augusta Rain -7]1 *75 1-12 1-15 -72 “86 “94 “85 “69 
Satd. -40 “29 -18 “11 -10 “15 +23 +35 -44 

Evap. 5-90 3-70 2.10 1-40 1-40 2.20 3-40 6-00 7-60 

Adelaide Rain 1-0] 1-70 2-73 3-12 2-66 2-51 2-06 1-72 1-14 
Sata. “40 27 -17 “10 -10 -I4 -20 “28 “38 

Evap. 5-90 3-50 2-00 1-20 1-30 1-90 2-90 4-80 6-60 


(2) The Rainfall-Evaporation Ratio. 

Under South Australian conditions the ratio of monthly rainfall to evapora- 
tion is a most useful index to the conditions at the soil surface during each month. 
Temperature does not indicate the amount of moisture in the air, and with 
S. viridis, when temperature is favourable, saturation deficit may be the factor 
limiting activity and population increase. 


1 When the data for the other capital cities in Australia are used, the approximation 
to the straight line is closer in some instances than with others. 
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It may be briefly stated that in South Australia, when the numerical value 
of the ratio of mean monthly rainfall to evaporation falls below one (November 
to March), the environment may become too dry for the survival of the active 
stage of the insect. This does not happen at once, since the surface soil retains 
moisture, for a time, after the R/E ratio falls below one, according to the relative 
humidity and temperature of the air. 

When the ratio exceeds one (April to October), excess moisture at the soil 
surface, together with mean monthly temperatures less than 52°F., will greatly 
restrict population increase owing to retarded development and heavy mortality 
(Davidson, 1933"). Such conditions obtain during June, July, and August in 
the South-East, and the elevated eastern portions of the Upper and Lower North. 
The average temperatures for these months at Mount Gambier are 49-51°F., 
Yongala 45-47°F., and Clare 46-49°F. 

From Fig. 2 can be seen the areas where the mean rainfall exceeds evapora- 
tion in any particular month, and therefore the areas and periods in which SN. 
viridis can exist in the active stage. The basic information used in preparing 
this map was the mean monthly rainfall at 220 stations, and the evaporation 
(caleulated) at 21 stations. From these data the outline of the area where 
precipitation exceeds evaporation was plotted, by interpolation, for each month. 
These maps were then superposed and the various areas distinguished by 
hatching. 


(3) Possible Range of Distribution of 8. viridis in South Australia. 


General hatching of the oversummering eggs of S. viridis may be expected 
at the end of the dry season, in the month in which the ratio of mean monthly 
rainfall to evaporation rises above a value of approximately 1-0. The value will 
vary somewhat depending on soil type. The active phase of the insect will 
decline at the end of the wet season, in the month when the ratio falls below a 
value of approximately 1-0. Owing to the retention of moisture in the surface 
soil, some individuals will persist for a time during the following month; but the 
numbers will rapidly decrease and the insect will die out, certain of the eggs 
remaining dormant until the following autumn. The period of activity may be 
prolonged in local situations, due to the variability of the soil and its vegetative 
covering. In dealing with the geographical distribution of the species the ratio 
(monthly) R/E=1 has been taken as the critical value. The permanent estab- 
lishment of the species in an area will depend upon (a) the number of successive 
months in which the R/E exceeds 1, (b) the duration and severity of the dry 
period as affecting the viability of the eggs (Davidson, 1932). The availability 
of suitable food plants and soil type are associated with (a) and are important 
secondary factors. Population increase during the months of the wet season will 
depend on the R/E ratio, temperature, food plants, and biotic competition. 
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Pig.2. Map of southern part of South Australia showing the areas where mean precipita- 
tion exceeds the mean evaporation in any one month. Relative humidity and tempera 
ture records are available for: AD., Adelaide; BE., Berri; C.B., Cape Borda; CL., Clare; 
KA., Kapunda; KI., Kingscote; M.B., Mount Barker; M.G., Mt. Gambier; P.A., Port 
Augusta; P.L., Port Lincoln; P.P., Port Pirie; R., Robe; RO., Roseworthy; &., Strath- 
albyn; ST., Stirling West; S.B., Streaky Bay; SN., Snowtown; YO., Yongala. Tempera- 
ture records for: GE., Georgetown; LA., Lameroo. 
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The approximate areas and months in which the insect can exist in the active 
stage, as determined by meteorological factors, are shown in Fig. 2; but in certain 
of these areas, e.g. I to LV, the conditions will not favour the species becoming 
established, owing to the low temperatures in the wet months and the long 


g, dry 
period. In the other areas, variations in the seasons will result in the period 
of the active stage being extended or reduced by a few weeks in some years. 

Area 1X—General hatching will occur in April and the active stage will 
continue until early November. Cold, wet conditions during June to September 
will severely restrict population increase. 

Area VIJI—General hatching will occur in April and the active stage will 
continue until early Oetober. Cold, wet conditions during June, July, and 
August will restrict population increase during these months, but large numbers 
may be expected in suitable pastures in May and again in September. The soil 
factor and availability of suitable food-plants will be edaphic factors of im- 
portance in restricting its spread in the South-East and on Kangaroo Island. 

Area VIIJ—General hatching will occur in May; the active stage will con- 
tinue until early October. Wet, cold conditions during June, July, and early 
August will restrict population increase in the more elevated districts and in the 
South-East; with the central section of this area, which covers the central agri- 
cultural districts, large numbers may occur during May and September in the 
western and southern portions of the section. 

Area VI—General hatching will occur in May, the active stage continuing 
until September. Over a large part of this area the soil is of the Mallee type 
(see Prescott and Piper, 1932). Owing to its alkaline reaction and sandy 
character it is unfavourable for S. viridis (Davidson, 1932). This factor asso- 
ciated with scarcity of suitable food-plants will restrict the spread of the species, 
particularly in the upper South-East, Yorke Peninsula, and the West Coast. in 
the central agricultural districts of the State, infestations may be heavy in some 
years in districts bordering on the western and southern portions of the central 
section of Area VII. 

Area V—Normally the months of May to early August will be suitable for 
the insect. It may extend into this area, in certain years, from the previous one, 
but soil type will be a restricting factor as in VI. The irrigated swamp areas 
along the River Murray are exceptional, and where lucerne or other suitable 
pasture is grown, conditions will be favourable for population increase owing to 
the high moisture-holding capacity of the soil and artificial irrigation. 

Area I1V—Unfavourable for population increase. The insect can exist 
during June to August if introduced into the area, but will not normally become 
established. In the North Central districts the species may extend into this 
area from Area VI in very wet seasons. 

Area III to I—Conditions are unfavourable for the establishment of the 
species, but the insects could exist for a few weeks in favourable situations if 
introduced. 
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Fig. 3. 
S. viridis and regions where the greatest increase in population can take place. 


rainfall-evaporation ratio and temperature. 
The map Fig. 3 is based on the analyses of the conditions in the above areas. 

In order to test the accuracy of the distribution predicted above, a letter was 
sent to branches of the Agricultural Bureau of South Australia, through the cour- 
tesy of the General Secretary, Mr. H. C. Pritchard, asking for definite informa- 


tion regarding the occurrence of the ‘‘lucerne flea’’ (S. viridis) in 1932. One 
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hundred and seventy definite records were obtained which have been placed on 
the map (Fig. 3). The circles and dots are placed on the position of the township 
concerned. In some instances one of these represents two or more records 
from adjoining districts. The known distribution agrees closely with the areas 
predicted. Area I demarecates the districts in which the insect will be of more 
serious economic importance, extending into Area IT, particularly in the central 
portion of the State, in districts along the western and southern borders of Area I. 
Soil type and vegetation are important limiting factors in certain parts of this 
area (see previous section). In Area IIT the species may occur oceasionally if 
introduced into the area, but will not become permanently established exeept on 
favourable irrigated soils. 


SUMMARY. 


The geographical distribution of Sminthurus viridis in South Australia is 
determined by the mean monthly rainfall and evaporation. Saturation deficiency 
is the major factor which influences evaporation. For this State it may be 
expressed in terms of evaporation from which the approximate value of the 
‘ainfall-evaporation ratio may be obtained. 

The ratio R/E = 1 has been taken as the eritical value, below which dryness 
may prevent the occurrence of the active stage of the insect. When the ratio 
greatly exceeds 1, excessive wetness, particularly when accompanied by mean 
monthly temperatures below 52°F.. severely restricts its increase in numbers, 
owing to retarded development and high death rate. 

The months and approximate areas in South Australia in which rainfall 
exceeds evaporation have been defined, from which the probable distribution of 
8. viridis has been determined. 

The permanent establishment of the species in an area depends upon the 
number of successive months in which the ratio R/E is not less than 1, together 
with mean monthly temperatures which allow of the completion of at least one 
generation of the insect, so that eggs may be laid to carry the species over the 
subsequent dry period; the duration and severity of the dry period will deter- 
mine the survival of the eggs. 

When moisture is favourable. temperature, food plants, soil type, and biotic 
competition are the important factors affecting increase in numbers of the insect. 
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(Submitted for publication 1st February, 1933. 


Briinnich and Winks (1931) found that the concentration of phosphorus in 
the rumen of sheep was three times as great as could be accounted for by the 
amount in the food ingested. As the only source of the extra phosphorus was 
the saliva swallowed, their observations indicated that the concentration of the 
phosphorus in the saliva of this animal must be unexpectedly high. Of the few 
analyses of sheep’s saliva available, none that I have seen give the amount of 
phosphorus in it. Hammerbacher (1881), Clark and Lena (1927) and Smith 
(1930) found about 20 mgs. of phosphorus per 100 ¢.c. in human saliva, but such 
quantities would hardly account for the amount of phosphorus in the rumen 
discovered by Briinnich and Winks. 


METHODS. 
Collection of Saliva. 

Secheunert and Trautmann (1921) employed permanent and temporary 
fistulae in the study of the parotid and submaxillary secretion in the sheep. 
They found, as others had, that with permanent fistulae the animal soon died, 
presumably from the depletion of the body of alkali. Recently, Trautmann and 
Albrecht (1931) seem to have got over this difficulty by feeding sodium 
bicarbonate. 

For the present enquiry, however, mixed saliva was required. It was col- 
lected in a small sponge held in the mouth in a light wire bit. The bit was tied 
back against the angles of the lips and lay across the interdental space. After 
10-20 minutes, the saliva was squeezed out of the sponge by pressure in a syringe. 
The usual amount of saliva obtained was 0-5-1 ¢.c., sometimes as much as 2 ¢.e. 

With the sheep on green feed, it was found necessary to wash the mouth out 





1 Robert Philp Scholar of the University of Queensland. 
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with 0-85% salt solution. Three sponges were then introduced into the mouth 
in succession at intervals of ten minutes. <A diluted saliva might be expected in 
the first sponge, but in all cases the saliva of the second sponge had a greater 
concentration of phosphorus than that of the third sponge, while the third 
sponge had much the same concentration as the fourth. Accordingly, the saliva 
from the third sponge was used for analysis. 

When the sheep was fed on hay chaff, clean saliva was obtained without 
washing the mouth. 

This method of collection, though simple, is far from an ideal one. The 
saliva obtained may not be that secreted normally. Scheunert and Trautmann 
(1921) found that secretion from the parotids was continuous, but that from the 
submaxillaries it occurred only during the first mastication, and varied between 
1-5 and 42 ¢.c. per 100 gm. of food eaten, increasing as the dryness of the food. 
A dry sponge introduced into the mouth is thus likely to produce an undue pro- 
portion of submaxillary saliva. The method is, however, analogous to that 
employed in humans, and permits of observations on a number of sheep. 

Blood samples were taken from the jugular vein. 


Estimation of Total and Inorganic Phosphorus. 


The methods of Fiske and Subbarow (1925) were used. In the ease of 
saliva, 0-25 or 0-5 ¢.c. was used. In ashing for total phosphorus the usual 
method for blood filtrates was employed. To deproteinize the saliva for inorganic 
phosphorus it was washed into a small flask, 2 ¢.c. of 10% trichloracetie acid 
added, the solution made up to 10 ¢.e., shaken, let stand for 15 minutes and 
filtered through two fairly fine phosphorus-free filter papers. For blood, the 
usual proceedure of Fiske and Subbarow was followed. 


EXPERIMENTS. 
Phosphorus im the Saliva of Normal Sheep. 


The first series of observations was made on two adult half-bred Merino- 
Corriedale wethers from which the saliva was collected at various times of the 
day, and on three oceasions a number of samples were taken on the one day. The 
sheep were on a diet of mixed wheaten and lucerne chaff. Only the inorganic 
phosphorus was estimated. The figures are presented in Table 1. 

Another series of analyses, including total as well as inorganic phosphorus, 
was made on samples of saliva from nine sheep. These observations are presented 
in Table 2. 

A set of observations was also made on the inorganie phosphorus content 
of the saliva of 15 sheep whose daily diet contained only 0-5 gm. of phosphorus 
(Table 3). Samples were collected at intervals of three weeks. 
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TABLE 1. 


Lnorganic Phosphorus of the Saliva. 


P mg./100 e.c. 


TABLE 2. 
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Total and Inorganic Phosphorus of 
the Saliva of nine Sheep. 


mg./100 c.c. 





A. B. Remarks. 
19-1 59-3 Organic 
84-2 49-2 Total Inorganic Phosphorus 
20-1 82-9 Phosphorus. Phosphorus. by difference. 
20- 88-9 - ; : . ‘ : 
Be 69-5 } Samples taken in one 21-4 20-8 0-6 
29.7 tty \ day. 17-1 17-6 —0-5 
wae 2403 ; 2-1 12-3 —-2 
40-4 55- : P 33-2 22-7 0-5 
13-4 0.0 ) canes in one 40-6 38.7 1.9 
35-5 . rasa 45-3 44-3 1-0 
: 2 o7 5 
33-2 88-9 ) Samples taken in one = 3 = a ~ 
“ee 4 é 58-: 4.9 
103-7 89-6 4 day. 29.6 29.4 0-5 
44-4 69-1 Mean 65-2 65-2 0-0 
49-2 45-6 3°6 
TABLE 3. 
Inorganic Phosphorus of the Saliva of Sheep on Phosphorus-poor Feed, 
mg./100 c.c. 
25-2 89-0 22-1 20-9 25-1 33-9 29-5 36-4 18-5 10-5 20-2 11-7 37-9 9-2 
37-7 29-9 52-1 46-7 25-7 28-9 23-3 10-0 18-4 10-2 16-0 7-6 36-4 12-3 17-0 
9-4 — 20-8 17-7 9-8 — 12-9 10-4 about 7-7 — 12-9 


3 
The phosphorus of the saliva is, apparently, almost entirely inorganic, for it 
is unlikely that an organic phosphate concentration of less than 5% of the total 
phosphorus is of any real significance, including as it does, the errors of the in- 
organic phosphorus and the total phosphorus determinations, added to which 
is the possibility of inapparent contamination of the saliva with organic phos- 
phate from food residues and rumen fluids. In human saliva, Smith (1930), 
minimizing his errors by using larger amounts of saliva, reports organic phos- 
phate values of 5-17% of the total phosphorus. 

Though the concentration of the inorganic phosphate of sheep’s saliva is 
usually much higher than that in man’s, in it there is wide variation. The 
extent to which the different glands contribute towards the secretion probably 
accounts for most of the individual variation (Tables 1 and 3) for Scheunert and 
Trautmann (1921) found that submaxillary saliva contained 0-05-0-2% ash, 
whereas parotid saliva contained 0-75-0-9%. Morris and Jersey (1923) and 
Clark and Lena (1927) noticed, too, that the composition of human saliva ob- 
tained from glands activated in any way varied much more than that obtained 
from quiescent glands. 

Since the dry sponge is likely to stimulate secretion of ‘submaxillary saliva 
which is low in ash, the phosphorus concentrations observed are probably some- 
what lower than are normally secreted. 
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The variation between individuals (Tables 2 and 3) is probably partly due 


to idiosynerasy, but the plane of phosphorus nutrition also plays a part, for the 
sheep on phosphorus-poor feed have, in general, a low inorganic phosphorus 
concentration in the saliva (Table 3). More light is thrown on this question by 
the next set of observations. 


The Relationship between the Inorganic Phosphorus of the Saliva and that of 


the Blood. 

Two methods of approach were pursued. Firstly, simultaneous observa- 
tions were made on the blood and the saliva of 27 sheep, some of which were 
receiving a phosphorus-poor diet, and the others calcium phosphate in addition. 
The saliva was collected 1-13 hours after the blood. The observations are plotted 
in Figure 1. The coefficient of correlation calculated according to Pearl (1923) 
is 0-42+0-07. 
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According to Fisher (1930), the odds are more than fifty to one against the 
observed correlation being due to chance alone. 

In the second method, a number of simultaneous inorganic phosphorus deter- 
minations were made on the blood and saliva of one sheep during a short fast. 
That considerable rise in the inorganic phosphate in the blood of sheep might 
occur after fasting was suggested by Cavin’s (1924) observation that this 
occurred in rachitie rats. Having found that a rise in organic phosphorus after 
withholding food also took place in sheep, this method was exploited for varying 
the blood phosphate. The observations are plotted in Figure 2. 

The observations on this one sheep show a close relationship between the 
inorganic phosphorus in the saliva and blood to be maintained over a period of 
eight days, during which the phosphate in the blood varied from 3-4 to 9-9 mg. 
P/100 c.e. 

Considering these experiments, the conclusion that a relation does exist 
between inorganic phosphate of the blood and saliva would appear to be justified. 
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Some of the variation between individuals in the concentration of inorganic 
phosphorus in the saliva is probably due to this relationship. 


Computations of the Amount of Phosphorus Secreted into the Rumen Daily. 


In order to compute the amount of phosphorus secreted daily in the saliva, 
boli were removed from the mouths of sheep whilst ruminating, and the total 
phosphorus determined on the dry matter. The daily intake of dry matter and 
its phosphorus content being known, assuming that the bolus is a representative 
sample of the rumen contents over the 24 hours, then the amount of phosphorus 
secreted daily is that required to raise the phosphorus concentration of the dry 
matter of the feed to that of the bolus. The figures are set forth in Table 4. 


TABLE 4. 


Daily Secretion of Phosphorus in the Saliva computed from that in the Bolus. 


Intake of Intake of % FP in bolus % Pinbolus  P secreted 
Sheep. dry matter. P (grms.). (dry). Xintake. daily (grms.). 
A. 990 3-45 0-589 5-83 2-38 
i peaked 0-592) en ‘ 
b. 1,087 3-83 0-628 § 0-610 6-63 2-80 


Lf the observations on the amount of phosphorus in the saliva of sheep A and 
B (above) be representative of normal saliva, then from these computations, the 
quantity of saliva secreted per day is 4-5 litres. From the figures of Scheunert 
and Trautmann (1921), it would appear that only 1-2 litres are secreted, but 
relatively higher values have been reported by Colin (1852) in the ox. 

A second method of arriving at the approximate daily secretion of phos- 
phorus is available from the data furnished by Briinnich and Winks (1931). 
They give the phosphorus of the feed and of the rumen contents after slaughter. 
If the daily intake of dry matter be taken to be about 1 kg., then a computation 
similar to the above may be made, but in this case it is necessary to assume that 
the average rate at which phosphates are added to the rumen does not vary 
greatly. Two such computations are presented in Table 5. 


TABLE 5. 


Daily Secretion of Phosphorus computed from the figures of Briinnich and 


Winks. 
P % of P in daily turn P added by 
PY of P intake paunch over of the paunch. the saliva 
feed. (grms.). contents. (grms.). (grms.). 
0-372 3-72 1-14 11-4 7°7 
0-301 3-01 0-77 7-7 4-7 


The daily secretion of phosphorus is apparently much greater with these 
two sheep than with sheep A and B. Either larger amounts of saliva must 
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have been secreted then, or else the phosphorus concentration in the saliva must 


have been higher than has been observed. 


DISCUSSION. 


The considerable secretion of inorganic phosphate in the saliva of this 
ruminant suggests that it serves some purpose in digestion. Notwithstanding 
the large amount of organic acids set free by the bacterial fermentation of cellu- 
lose in the rumen, the pII of the rumen contents does not usually fall below 
neutrality. According to Ferber (1928), unless roughage is withheld, it varies 
between 7-5 and 8-5. Mangold (1929) attributes this regulation to the appro- 
priate addition of alkali by the saliva according to the acid formed by fermenta- 
tion, but the buffer capacity of phosphate over this range of pH is such that the 
phosphate added simultaneously would very materially assist in the adjustment 
of reaction. 

There is also the possibility that phosphates may have some further réle in 
bacterial digestion in the rumen, for, if this digestion is in the nature of a 
fermentation to organic acids, phosphates may play a part similar to that which 
they do in aleoholic fermentation by yeast. 

The reason still remains to be provided, however, why phosphates are secreted 
in human saliva. 


SUMMARY. 


The phosphorus of the sheep’s saliva is almost entirely inorganie Concen- 
trations of inorganie phosphorus from < 5 mgs. to > 100 mgs. P/100 c.c. saliva 
have been observed, but usually from 20-60 mgs. P/100 ¢.c. is present. 

The concentration of inorganic phosphorus in the saliva is correlated with 
that in the blood. The ratio between them is found to range from 3 :1 to 20 :1, 
but most values are between 5 : 1 and 8 : 1. 

Computations presented indicate that 2-4-7-7 gms. of phosphorus are 
seereted in the saliva daily. 
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HAEMOLYSIS BY AUSTRALIAN SNAKE VENOMS 
1. THE COMPARATIVE HAEMOLYTIC POWER OF AUSTRALIAN SNAKE 
VENOMS 
by 


C. H. KELLAWAY AND F. ELEANOR WILLIAMS 


(From the Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 1st February, 1933. 


If snake venoms were not so complex, the ideal method for comparison of 
their haemolytic power would be by observation of the results produced by in- 
jection in living animals. Unfortunately, snake venom haemolysis free from the 
other constituents of the venoms are not available and complete reliance cannot 
therefore be placed upon the results of in vivo experimepts— These, however, 
give a general indication of the haemolytic power of theenoms. 

Black snake venom was shown by Martin (1895) to be very powerfully haemolytic for 
the dog. It also causes intense haemolysis (as judged by the presence of haemoglobinuria ) 
in the horse, cat, rat, and mouse, and less constantly also in the rabbit and guinea pig 
(Kellaway (1936)). Of the common Australian snake venoms, that of the copperhead appears 
to be next in potency, causing haemolysis in the horse, sheep (Fairley (1929)), rabbit, rat, 
and mouse, but rarely in the guinea pig, and not in the eat (Kellaway (1929a)). With death 
adder venom (1929¢), obvious haemolysis occurs in the horse, and to a less extent in the rat 
and mouse, but was not observed in the monkey, cat, rabbit, or guinea pig. Tiger snake venom 
(Kellaway (1929h)) causes haemolysis regularly in the rabbit, guinea pig, and rat, inconstantly 
in the monkey and mouse, but net in the horse and cat, and brown snake venom (Kellaway 
(1931) ) causes no obvious haemolysis in any of the common laboratory animals. 

It is difficult to arrive at any satisfactory method of comparing the potency 
of snake venom haemolysins in vitro. Noe (1904) determined the time necessary 
for the complete haemolysis of 1-0 ¢.c. of 5% washed horse corpuscles by 1 mg. 
of venom in the presence of 0-2 ¢.c. of inactivated horse serum. This method 
takes no account of the fact that some venoms can haemolyze the blood corpuscles 
of some species of animals without the presence of any activator (serum or 
lecithin), while for others an activator is necessary (Lamb (1905) ) and that 
haemolysis by some venoms is inhibited by serum. 

Kyes and Sachs (1903) showed that the red blood corpuscles of different 
species have widely varying susceptibilities to haemolysis by cobra venom, and 
it will be seen that the arrangement of a group of venoms in order of their 
haemolytie power also varies with the species of susceptible red blood corpuscle 
used for testing. 
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In Table 1 we have summarized the results of numerous concordant experi- 
ments which illustrate these general statements. 

The method used was that of Noe, extended by the use of the washed red cells of several 
species (horse, dog, cat, rabbit, guinea pig, and man). The venoms tested were those of the 
cobra Naia naia, the death adder Acanthophis antarcticus, the tiger snake Notechis scutatus, 
the melanotic variant of this last species, the Australian copperhead Denisonia superba, the 
black snake Pseudechis porphyriacus, and the common brown snake Demansia tertilis. The 
corpuscles after being four times washed with saline were used in 5% suspension in physio- 
logical saline, and were tested with the venoms in doses of 1-0, 0-5, and 0-1 mg. per e.c. of 
suspension with and without the addition of 0-2 ¢.c. of inactivated homologous serum. For the 
first four hours the tubes were incubated at 37°C., and thereafter observed at room temperature. 
The figures given in the table are the times required for complete haemolysis by 1-0 mg. of 
venom, 

These results show the limitations of Noe’s method. Arranged in the order 
of their haemolytic power by this method (haemolysis of horse red cells with 
inactivated horse serum) the most powerful venom is that of the cobra, followed 
closely by those of the tiger snake and death adder. The venom of the black 
tiger snake comes next, then that of the brown snake, and finally those of the 
black snake and copperhead. With rabbit red blood cells and homologous serum 
some of the Australian venoms are more active than that of the cobra, whereas 
with dog red blood cells and serum the order is much the same as with the horse. 
Human and guinea pig cells with serum select cobra venom as the most powerful 
haemolytic agent of the group tested, and with cat cells and serum, cobra and 
death adder venoms are most potent. A wholly different series of orders are 
given when the venoms are tested on thoroughly washed red blood eells without 
the addition of serum. Haemolysis of horse red blood cells by the venoms of the 
cobra, death adder, tiger snake, and brown snake is accelerated by serum, but the 
serum has an inhibitory action on haemolysis by copperhead and black snake 
venoms. Dog red cells behave rather like horse, but there is no inhibition with 
serum in haemolysis by copperhead and black snake venoms. With cat red cells 
serum causes inhibition of haemolysis by cobra, copperhead, and black snake 
venoms, but acceleration with death adder. With rabbit red blood cells in con- 
firmation of Kyes and Sachs (1903) haemolysis by cobra venom is strongly 
inhibited. Haemolysis by the venoms of the black snake, tiger snake, and copper- 
head is also inhibited by serum, though not so regularly as that by cobra venom. 
Haemolysis by death adder venom is feebly accelerated. With guinea pig red 
blood cells haemolysis by all the venoms is inhibited by serum to a greater or less 
extent. With human red blood cells, as with cat cells, haemolysis by the venoms 
of the eobra, copperhead, and black snake is inhibited by serum. 

With variation in the dosage of venom to a fixed quantity of red blood cor- 
puseles and homologous serum, differences of behaviour in regard to inhibition 
or acceleration of haemolysis by the serum are sometimes displayed. The use of 
a wide range of dosage of venom also serves to bring out differences in the 
susceptibility of erythrocytes from different animals of the same species, 
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TABLE 2. 


ELEANOR WILLIAMS 


Snake Venom Haemolysis of Washed Erythrocytes and Dilute Defibrinated Blood. 


Species of 
venom, 


Cobra 
Naia naia 


Daboia 
Vipera 
russelli 


Death 

adder 
Acanthophis 
antarcticus 


Tiger 
Notechis 
scutatus 


Black Tiger 


Copperhead 
Denisonia 
superba 


Black 
Pseudechis 
porphyriacus 


Brown 
Demansia 
textilis 


Pseudechis 
australis 


Human, 


Washed red Defibrinated 
blood cells. blood. 


Washed red 
blood cells. 


1-0 (1) to 
0-006 (20) 


1-0 (2) to 
0-025 (20) 


1-0 (24) to 
0-01 (20) 


1-0 (2) N.H. (20) 1-0 (20) 
0-5 (44) to N.H. (20)* N.H. (22) 
0-25 (22) 
1-0 to N.H. (20) N.H. (20) 
0-003 (20) 

N.H. (20) 
1-0(4) to 1-0(24) to 1-0(1) to 
0-0015 0-1 (20) 0-01 (20) 
(20) 
1-0 (4) to 1-0 (20) 1-0 to 


0-0008 incomp. 0-025 (13) 

(20) to 0-0006 
(20) 

N.H. (20)* N.H.(20)* N.H. (20)* 


0-1 (20)* 
incomp. 


N.H. (20) * 


Horse. 


Defibrinated 
blood. 


1-0 (%) to 
0-001 (20) 


1-0 (24) to 
0-008 (20) 


0-1 to 0-05 
(20) 


1-0 (1) to 
0-006 (20) 
incomp. 


1-0 to 0-1 
(1) 


1-0to0-1 
(20) 


1-0 (2) to 
0-05 (20) 


N.H. 


(20)* 


Dog. 


Washed red 


blood cells. 


1-0 (1) to 
0-001 (20) 


1-0 to 0-01 
(20) 


1-0 (4) to 
00-0001 
(20) 


N.H. (20) 


1-0 (1) 
0-1 (14) 
0-01 (1) 


1-0 (}) to 
0- 000000001 
(20) 


1-0 (3) to 
0-1 (20) 


Defibrinated 
blood. 


1-0 to 0-1 
( 4) to 
0-0001 (20) 


1-0 (4) to 
0-00001 
(20) 


1-0 (4) to 
0-00001 
(20) 


1-0 (4) to 
0.900001 
(20) 


1-0 (4) to 
0-000000001 
(20) 


1-0 (4) to 
0-000000001 
(20) 


1-0 to 
0-1 (1) to 
0-0001 (20) 





*Highest dose tested, 0-1 mg. 


The most useful comparison of the haemolytic power of the venoms is 
afforded by the use of a wide range of doses of venom upon washed cells of several 
species in 3% or 5% suspension and upon defibrinated blood diluted with saline 
so as to give suspensions of red blood cells of corresponding densities. The times 
required for haemolysis are noted. 
Table 2, 


Such a series of observations is set out in 
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TABLE 2 (continued). 
Snake Venom Haemolysis of Washed Erythrocytes and Dilute Defibrinated Blood. 
Cat. 


Rabbit. Guinea Pig. 


Species of 
venom, 


Cobra 
Naia naia 


Daboia 
Vipera 


russelli 


Death 

adder 
Acauthophis 
antarcticus 


Tiger 
Notechis 
scutatus 


Black Tiger 


Copperhead 
Denisonia 
supe rba 


Black 
Pseudechis 
porphyriacus 


Brown 
Demansia 
tertilis 


Pscudechis 


australis 


Washed re¢ 


blood cells. 


0-01 (24) 
1-0 (3) 
0-1 (3) 


1-O and 0-1 
N.H. 20 
0-01 and 
0-001 in 
comp. (20) 


1-0 (34) to 
0-1 (20) 


N.H. (20) 


0-1 (1) to 
0-001 (20) 


1-0,0-1 
(}) to 
0-001 (20) 


Defibrinated Washed red Defibrinated 


blood. 


1-0 (1) 
0-1 (24) 
0-001 (20) 


1-0 to 


0-0001 (20) 


1-0 to 0-01 
N.H. (20 
0-001 to 
0-0001 (20) 


1-0 inecomp. 
(20), 0-1 
and 0-01 
(20) 


1-0 (1) 
0-1 (14) 
0-00001 to 
0-00000001 
incomp. (20) 


1-0 (14) 
0-1 (2) 
0-00001 to 
0-000000001 
(20) 


“Highest dose tested, 0-1 mg. 


blood cells. 


0-1 (4) 
1-0 to 
0-05 (20) 


1-0 (14) to 
0-5 (20) 


N.H. (20) 
1-0 to 0-1 
(20) 


incomp. 


1-0 (4) to 
0-0015 (5) 


1-0 (1) to 
0-0015 
(20) 


N.H. (20) * 


0-1 to 


0-012 (20) * 


incomp. 


blood. 


N.H. (20) 


N.H. (20) 


N.H. (20) 


N.H. (20) 


1-0 to 
0-025 (20) 
incomp. 


1-0 to 
0-0015 
(20) 


N.H. (20)* 


N.H. (20)* 


Washed red 


blood cells, 


1-0 (4) to 
0-008 (20) 


1-0 (4) to 
0-008 (20) 


2-0 (22) 
1-0 (1) to 
0-0001 
(20) 


1-0 (1) to 
0-001 (34) 


1-0 (4) to 
0-00001 
(20) 


1-0 (4) to 
0-0015 
(24) 


1-0 (24) to 
0-012 (20) 


0-1 (3) to 
0-003 
(20) * 


Defibrinated 
blood. 
1-0 to 0-1 

(4) to 

0-008 (20) 
1-0 (2) to 
0-03 (20) 


N.H. (20) 


1-0 (20) 


0-1 to 0-01 


(20) * 
1-0 to 
0-012 (20) 


N.H. (20) * 


N.H. (20)* 


The figures not enclosed in brackets are the amounts of venom used in mg. and those 
in brackets are the times required for complete haemolysis in hours. The haemolytic system 


used was 0-3 ¢.c. in volume. The venom was dissolved in 0-1 ¢.c. of saline and to this 


0-1 ec. of 3% red blood cells or equivalent dilution of defibrinated blood and 0-1 c¢.c. of 





saline was added. 
in which complement as diluted guinea pig serum, was substituted for it. 
incubated at 37°C. 


The saline dilution was used to make the results comparable with others 
The tubes were 
for four hours and thereafter observed at room temperature (16°C.). 
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In some experiments tenfold dilutions of venom were used, and in others twofold dilutions. 
Readings were made every half hour for four hours and next morning. The range of doses 
of venom tested was usually from 1 mg. to 0-0008 mg. The results with sheep blood cells 
are not included in the table, since they were wholly negative for all the venoms even after 
the addition of complement. 

In these tests individual variation has to some extent been eliminated by 
making a number of observations on each kind of blood, and though some dis- 
erepancies will be found between Tables 1 and 2, these are explained by altera- 
tions in the range of dosage in which haemolysis takes place and by the different 
proportions of sera present. It will be seen in a later paper that the differences 
are not accounted for by inactivation of the sera in the experiments of Table 1. 

The small size of the system permitted economy of venom. The number of 
species of blood cells tested and observation of the effect of the presence of homo- 
logous serum in the defibrinated blood permit of a general comparison which is 
not possible by any simpler method. ‘Taking the resuits as a whole, the venoms 
of the copperhead and black snake are the most active of the Australian venoms. 
Death adder and tiger snake venoms, though much less potent, are next, and 
finally that of the brown snake. This order is in general agreement with that 
given by injection of the venoms into several species of living animals. 

The above results divide the red blood corpuscles used for testing into three 
groups. 

1. Those not haemolyzed either in the presence or absence of homologous 
serum, e.g. sheep. 2. Those haemolyzed by venoms without any activator being 
present and inhibited by the presence of serum to a greater or less extent, e.g. 
cat, rabbit, guinea pig, and human. 3. Those whose haemolysis is accelerated 
by the presence of homologous serum, e.g. horse and dog. 

The Australian venoms also are divided by these results into two groups. 

1. Those which haemolyze directly without serum activation (black snake 
and copperhead). 2. Those which have only a negligible action on washed cells 
(death adder and tiger). 
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2. SOME PECULIARITIES IN THE BEHAVIOUR OF THE HAEMOLYSIS OF 
AUSTRALIAN SNAKE VENOM 


by 
C. H. KELLAWAY AND F. ELEANOR WILLIAMS 


(From the Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication Ist February, 1933.) 


Most of the early work upon snake venom haemolysis has been concerned 
with the venoms of Crotaline snakes and with that of the Indian cobra. This has 
heen adequately reviewed by Noguchi (1909) and by Marie Phisalix (1922). 
The venoms of the common protero-glyphous colubridae of Australia, though 
they all possess haemolytic properties, do not behave jn vitro exactly like those 
which have been most studied. They do, however, in general resemble other snake 
venoms in respect of the influence of cholesterol and lecithin and of salts upon 
haemolysis. 


(1) The Influence of Lecithin and Cholesterol on Haemolysis by Australian 

Snake Venoms. 

The action of venom haemolysins is, as Kyes (1902) and Kyes and Sachs 
(1903) showed, upon the lecithins in the cell limiting membrane. Corpuscles 
which are not haemolyzed without an activator do not possess in their stroma 
free lecithin capable of being attacked by the enzyme of the venom. They may 
be haemolyzed by the addition of the stroma of susceptible red blood cells. This 
activating substance is destroyed by heating with haemoglobin, and the similar 
activating properties of lecithins may also be removed in the same way. The 
susceptibility of the corpuscle to haemolysis does not, however, depend upon the" 
absolute amount of lecithin present in the stroma, for all corpuscles contain 
about the same amount, nor does it depend on the presence of inhibiting sub- 
stance (cholesterol). We have compared the activation of Australian snake 
venoms by lecithin with the activation of cobra venom and have demonstrated 
the inhibition of this activation by cholesterol. 

The technique was almost identical with that described by Kyes (1910). The lecithin 
used was Merck’s ovolecithin purified for us by Miss Freeman by repeated solution in ether 
and precipitation with acetone. This purified lecithin caused some haemolysis of ox, but not 
usually of rabbit cells, when used in a dose of 0-1 ¢.c. of 0-1% strength, in a haemolytic system 


containing 1-0 ¢.c. of 5% suspension of corpuscles. 
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The venoms of the copperhead, black snake, tiger snake, and death-adder 
all behaved like cobra venom, haemolysis being activated by lecithin and this 
activation opposed by cholesterol. 

For example, 1-0 c.c. of 5% suspension of rabbit red blood corpuscles in saline showed 
no haemolysis with 0-1 mg. of copperhead venom in 20 hours. The addition of 0-1 cc. of 
U-1 and of 0-05% lecithin, though without effect in the absence of venom, resulted in complete 


haemolysis in 2 and 4 hours respectively. When 0-1 ¢.c. of a suspension of cholesterol (made 
by diluting a saturated solution in 40% methyl alcohol 1 in 10 with warm saline) was present 
in addition, haemolysis was complete in 24 hours with the larger dose of lecithin, but with 
the smaller dose was incomplete in 20 hours. 

With cobra venom alone in the same dose, only a trace of haemolysis was observed after 
20 hours, With the same doses of lecithin, the venom caused complete haemolysis in 1 and 3 
hours, and when cholesterol was also present, haemolysis was complete with the larger dose 
of lecithin in 3 hours, while with the smaller, only a trace of haemolysis was observed after 
20 hours. 

It was of some interest to ascertain whether cholesterol inhibits venom 
haemolysis of washed cells. A number of experiments were made with the 
venoms of the copperhead, blake snake, and death-adder on the corpuseles of the 
rabbit and guinea pig, using cholesterol in amounts adequate to cause inhibition 
of lecithin activation, i.e., 0-1 ¢.¢. of 1 in 10 or 1 in 7$ of a saturated methy! 
alcohol solution, in a system containing 1-0 ¢.c. of 54% corpuscles, and of a total 
volume of 1-3 ¢.c¢. These showed that, though occasionally haemolysis was 
slightly delayed in the presence of cholesterol, it was always ultimately complete 
if the same dose of venom alone caused complete haemolysis. Cholesterol, there- 
fore, though it may delay, does not inhibit the direet haemolysis of washed cells 
by these Australian venoms. In haemolysis by cobra venom, there was sometimes 
clear-cut inhibition. 


(2) Lonic Influences on Venom Haemolysts. 


Goebel (1905) showed that some red corpuscles which were insusceptible to 
haemolysis when collected and suspended in saline, were susceptible when they 
were collected and suspended in isotonic cane sugar solution, and Bang (19038) 
in a study of haemolysis by cobra venom has related this increase in susceptibility 
to the absence of the Hamburger effect, which normally accompanies loss of CO. 
from corpuscles when these are suspended in sodium chloride solution. 

Bang also showed that cobra venom could become fixed to ox cells suspended 
in isotonic sugar solution in the cold without haemolysis taking place. whereas 
when the cells were suspended in saline no similar fixation occurred. Weak 
hydrochloric acid effectively removed the fixed venom. 

We have studied the haemolysis of various erythrocytes, ox, sheep, human, 
and guinea pig, collected, washed six times, and suspended in 8% cane sugar 
solution. The sugar used was Mereck’s pure saccharose and a trace of potassium 


oxalate was added to the solution in which the blood was collected to prevent 
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clotting. The cells were used in 3% and 5% suspensions and the venoms tested 
were those of the cobra, black snake, copperhead, tiger snake, and death adder. 
The haemolytic system had a volume of 1-3 ¢.c. (1-0 ¢.c. of suspension of cells, 
0-2 ¢.c. of 8% saccharose solution and 0-1 ¢.c. of water containing 1-0, 0-5, or 
0-1 mg. of venom). 

Cells suspended in isotonic cane sugar solution are generally more suscep- 
tible to venom haemolysis than the same cells collected and washed in saline, 
but all insusceptible cells are not thereby rendered susceptible to all Australian 
venoms. Sheep and ox cells are rendered susceptible to haemolysis by black 
snake and copperhead venoms, which in this respect behave like cobra venom, but 
not to haemolysis by death adder or tiger snake venom. 

The haemolysis times in one experiment on sheep corpuscles were with black snake venom 
2} and 34 hours for 1-0 and 0-5 mg. of venom, but no haemolysis occurred in 24 hours with 
0-1 mg.; with 1-0 mg. of copperhead venom haemolysis was complete in 20 hours, but there 
was no haemolysis with the two smaller doses; with death adder there was a trace of haemolysis 
in 20 hours with 1-0 and 0-5 mg. and no haemolysis with 0-1 mg.; and with tiger snake venom 
there was no haemolysis in any of the tubes. 

In another typical experiment, ox cells were haemolyzed by black snake venom 1-0 and 
0-5 mg. in 1 hour, and with 0-1 mg. haemolysis was incomplete in 20 hours, The two 
larger doses of copperhead venom caused complete haemolysis in two hours, but 0-1 mg. caused 
no haemolysis, There was no haemolysis with tiger snake and death adder venoms, Sheep 
und ox cells collected and suspended in saline are never haemolysed by any of these venoms. 

With sheep blood, there was a decided tendency to agglutination before the 
addition of venom, and agglutination took place immediately when copperhead, 
black snake, or death adder venom was added. Ox cells suspended in sugar 
solution behave with some Australian venoms as Bang has shown in the case 
of cobra venom, becoming susceptible when examined fresh, but losing their sus- 
ceptibility after 24 hours in the cold. 


(3) The Action of Complement. 

Except in the haemolysis of ox cells in the presence of guinea pig serum and 
in a few experiments on other erythrocytes in which the cells were colleeted and 
suspended in isotonic cane sugar solution, we have not been able to show any 
difference in behaviour between fresh and inactivated sera. Such effects as we 
have observed were trivial compared with those regularly to be obtained in cobra 
venom haemolysis. 

Ox corpuscles suspended in saline are not haemolyzed by any of the Austra- 
lian venoms, nor is ‘there any haemolysis when inactivated guinea pig serum is 
present. Fresh guinea pig serum, pure or diluted, has a lytic action on the cor- 
puseles, but this is not increased by the presence of tiger snake, death adder, or 
brown snake venoms. With copperhead and black snake venoms in a dose of 
1-0 mg. to 1-0 ¢.c. of 5% suspension of corpuscles in a haemolytic system 1-3 e.e. 
in volume, there is a slightly greater degree of haemolysis with 0-1 ¢.c. of fresh 
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guinea pig serum, pure or diluted 1 in 5 or 1 in 10, than in the corresponding 
controls containing serum alone. 

The lytie action of fresh guinea pig serum observed with ox cells accounted 
for nearly all the haemolysis obtained with Australian venoms, and it is certain 
that complement plays no important part in haemolysis by these venoms. 


(4) The Inhibition of Venom Haemolysis by Excess of Venom. 


The protective effect of excess of cobra venom on the haemolysis of human 
erythrocytes was first described by Stephens and Myers (1898). Inhibition by 
excess of venom was observed in the haemolysis of rabbit red blood cells by 
crotalus venom (Flexner and Noguchi (1902)), by daboia venom (Lamb 
1903) ), and by cobra venom (Kyes (1902) and Kyes and Sachs (1903) ). 

Though a number of instances of slight degress of venom inhibition has been 
noted with nearly all the Australian venoms studied and some examples of such 
partial inhibitions may be noticed among the observations already recorded 
(Kellaway and Williams (1933) ), complete inhibition of the haemolysis of sus- 
ceptible corpuscles has only been shown, and that rather irregularly, with the 
venoms of the death adder, tiger snake, and black tiger snake. 

We performed a number of experiments which were directed towards defin- 
ing zones of complete inhibition with the Australian snake venoms. We used for 
this purpose human erythrocytes, with which we could almost regularly define 
such a zone in haemolysis with cobra venom. 

In these we used 0-1 ¢.c. of 3% suspension of corpuscles in, a total volume of 0-3 ¢.c. in 
order to reduce the dosage of venom necessary as far as possible. The mixtures were incubated 
at 37°C. for one or two hours, and thereafter placed in a refrigerator at 1°-2°C. till the 
following day, when they were finally read. 

Cobra venom in doses of 10, 7, and 5 mg. caused no haemolysis; with 2 mg. complete 
haemolysis took place in from } to 3 hours; with 1 mg. there was complete haemolysis in 14 
hours; and with 0-1 mg. in 4 hour. 

Death adder venom in one experiment gave no haemolysis with 40, 30, 20, 15, 10, and 5 mg. 
There was complete haemolysis in 20 hours with 2 mg., and again no haemolysis with 1-0 mg. 
and 0-1 mg. of the venom, This result was complicated by agglutination which was strongly 
developed with 5, 2, and 1 mg., being almost complete in half an hour. Similar agglutination 
phenomena were also sometimes seen with cobra venom after 20 hours. 

The venoms of the black snake and copperhead afford examples of partial inhibition. With 
black snake venom nearly complete haemolysis of human cells took place in 20 hours with 
40 mg. With 30 and 20 mg. haemolysis was complete in 20 hours, with 10 mg. in 14 hours, 
and with 1 mg. in $} hour. With copperhead venom haemolysis was only partial after 20 hours 
with 40, 30, and 20 mg.; it was nearly complete in the same time with 10 mg., and complete in 
# hour with 1 mg. of venom. 

Kyes (1910) has endeavoured to explain the phenomenon of inhibition 
by excess of venom in terms of the quantitative relationship between intracellular 
lecithin and dose of venom. He showed that excess of venom caused the same 
blocking effect when extracellular lecithin was used to activate the cobra venom 
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haemolysis of non-susceptible corpuscles. Noguchi (1905) on the other hand 
used washed horse corpuscles, which are insusceptible to haemolysis by cobra 
venom, and showed that when these were treated with excess (above 4%) of this 
venom, the cells, if allowed to remain in contact with the venom, were less sus- 
ceptible to some haemolytic agents (hypotonic saline, saponin, or to normally 
activating doses of lecithin). Noguchi’s explanation of the phenomenon is that 
a compound of venom with some constituent of the corpuscle is formed by t) 
excess of venom. 


We tested the fragility of human, horse, sheep, and rabbit corpuscles after treatment with 
excess of venoms in the following manner. A large number of tubes each containing 0-1 c¢.c. 
of 3% suspension of four times washed corpuscles in 0-9% saline were put up. To each was 
added 0-2 ¢.c. of saline, or saline containing venom. Each venom was used in three doses, 
10, 5, and 2 mg., and three tubes were put up for each dose. The venoms used were those of 
the cobra, tiger snake, black tiger snake, death adder, copperhead, and black snake. All the 
tubes were incubated for one hour at 37°C., and then placed in the refrigerator overnight. 
The following day distilled water was added drop by drop to those tubes in which haemolysis 
had not occurred, so as to ascertain what volumes of distilled water was required to cause 
haemolysis. Each drop measured exactly 0-05 ¢.c. Complete haemolysis was determined by 
microscopic examination. 


TABLE 1. 


Haemolysis of Erythrocytes in Hypotonic Saline after Treatment with Venom. 








Tiger Blacktiger Death Con- 
Cobra. snake. snake. adder. Copperhead. Black snake, trol. 
= Ze Be , Be , BE Bs 
ae ee St St sa SS BE St SY 
c= = as = nae 2s = 2a = = 
7 “ey - 25 i, «at tpn as. @ 
me - <s Ze Zc == Ae cs Zc Ze 
Human 10 N.H 12 11-12 7-8 20t 20 
5 N.H. 8-9 9-11 7 an j ae 10 
2 20 8-10 6-8 7 } -—  ¥ : 
Rabbit 10 N.H. 18* 8 s 6-7 20tr. 32 20+ — 
5 N.H. 18* 6 7 6-8 20tr. 1-2 201 -- 9 
2 20 —_ 7 8-9 6-8 20* — 201 
Sheep 10 N.H. 12-14 5-6 6 4-5 N.H. 3-4 N.H. 3-4 
5 N.H. 10 5-7 6 5 N.H. 4 N.H. 4-5 7 
2 N.H. 8-9 6 6 5 N.H. 4 N.H. 5-6 
Horse 10 N.H. 16-18* 5 4-5 1-2 1 -- 4 -- 
&S Nua. ¥3* 4 4 2-3 20 -- 1 — 6 
2 20 — 4-5 4 3 20 — 1 —_ 


N.H., no haemolysis; *, nearly complete haemolysis; +, incomplete haemolysis; tr., trace of 
haemolysis. Time in hours. 











86 C. H. KELLAWAY anp F. ELEANOR WILLIAMS 


In Table 1 are set out the times for haemolysis resulting from the action of the 
venoms, and, if no haemolysis occurred, the number of drops required to cause 
complete or nearly complete haemolysis for each dose. There was but little 
variation in the three tubes for each dose, but where this occurred the range of 
variation is given in the table. In the case of tiger snake, black tiger snake, and 
death adder venoms, no haemolysis resulted from the action of the venoms and 
the haemolysis columns are omitted. 

Noguchi’s phenomenon is well shown with cobra venom by all four varieties 
of red cells, but with the Australian venoms the general effect of excess dosage 
is to cause increased and not decreased fragility. With tiger snake and black 
tiger snake venoms acting on human cells in a dose of 10 mgs. a slight decrease of 
fragility was observed. 

Australian snake venoms, despite the potency of their haemolysins, have 
only a negligible action in causing inhibition due to excess dosage. This con- 
stitutes another point of difference between their action and that of, other 
haemolytic venoms. They do not lend themselves to any further investigation 
of the cause of this interesting phenomenon. 


(9) Inhibition of Venom Haemolysis by Serum. 


Very little attention has been paid to the inhibition of venom haemolysis by 
serum. Kyes and Sachs (1903) observed it in the haemolysis of rabbit cells with 
cobra venom and Welch and Chapman (1910) noted its occurrence in haemolysis 
by some Australian venoms. More recently Duhig and Jones (1928) observed 
inhibition by homologous serum in haemolysis by the venom of the stone fish, 
Synanceia horrida. 

Great stress has been laid on the opposite phenomenon of acceleration of 
venom haemolysis by serum. It formed the starting point of Kyes’ investiga- 
tions and led ultimately to the recognition, through the work of von Dungern 
and Coea (1907-8) and of Delezenne and his colleagues (1911-12), of an enzy- 
matic component of snake venoms capable of splitting lecithin with the liberation 
of a powerfully haemolytic agent. 

We made a number of experiments upon the haemolysis of four species of 
susceptible red blood corpuscles (horse, human, rabbit, and guinea pig) by cobra, 
death adder, copperhead, black snake, tiger snake, and black tiger snake venoms 
with and without the addition of the inactivated homologous and heterologous 
sera. In these the four times washed red blood corpuscles were in 3% suspension 
in saline and the volume of the system was 0:3 ¢c¢. (0-1 ¢¢. of red blood cell 
suspension, 0-1 ¢.c. of serum or saline, and 0-1 ¢.c. of saline containing 1-0 mg. 
or 0-1 mg. of venom). 

With black snake and copperhead venoms, the effect of all the sera upon 
haemolysis of all the corpuscles was inhibition, greater or less in degree. This 
was most regular with human, horse, and guinea-pig corpuscles. The result 
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with rabbit corpuscles was generally inhibition, though occasionally acceleration 
was observed with some doses of copperhead venom. 

With death adder. tiger snake, and black tiger snake venoms, the effects 
of the sera were inhibitory on the haemolysis of human and guinea pig corpuscles, 
but acceleration was observed with horse and human sera in haemolysis of horse 
corpuscles. 

With cobra venom in haemolysis of horse corpuscles, horse and human sera 
caused acceleration and rabbit and guinea pig sera inhibition. In haemolysis of 
human and rabbit corpuscles all the sera caused inhibition, which was especially 
striking with rabbit cells. In haemolysis of guinea pig erythrocytes, horse serum 
caused acceleration and the remaining sera inhibition. 

This phenomenon of inhibition was also displayed when the corpuscles 
were collected, washed, and suspended in isotonic cane sugar solution instead of 
saline, and a set of generally similar results was obtained. In some cases a 
striking difference was noted between the effects of fresh and inactivated serum. 
For example, haemolysis of rabbit cells by black and copperhead venoms was 
accelerated by fresh rabbit serum and inhibited by inactivated serum. This 
difference was not observed with cobra venom, with which the result in both cases 
was inhibition. 

With Mr. H. F. Holden’s co-operation, we have further studied this type of 
inhibition. Horse serum proteins, freed from lipoid by Hardy’s (1910) method, 
eansed inhibition of the haemolysis of horse red corpuseles by cobra venom and 
accelerated instead of inhibited haemolysis by the venoms of the copperhead and 
black snake. Results of a similar kind were obtained with rabbit serum protein 
freed from lipoids and rabbit red blood cells, but with guinea pig red blood cells 
the rabbit proteins had only a less striking inhibitory action than whole serum. 

We also tested the effect of the addition to the haemolytic system (total 
volume 1-3 ¢.c.) of 0-2 ¢.c. of solutions of certain foreign proteins and of glycine, 
instead of serum or serum proteins freed from lipoid. Of these 25% sheep pseudo- 
globulin was without appreciable effect on the haemolysis of rabbit cells; with 
6% hen egg albumin the results were irregular, but inhibition was not observed. 
tveine 0°-5% had an accelerating effect. These results, though they may be 
related to the absence of lipoid from these preparations, were unfavourable to the 
possibility that inhibition was due to the formation of an indifferent layer round 
the corpusele. The effeet of removing the lipoids from serum proteins was 
generally to reverse the inhibiting or accelerating action of the serum. This 
might be held to suggest some antagonism between the proteins and lipoids com- 
bined in whole serum, or to indicate that inhibition, like the better studied accele- 
rating action of serum, was dependent on the lipoids of the serum. 

Both these hypotheses were rendered untenable since the extracted lipoids 
in the sera invariably caused striking acceleration of venom haemolysis. The 
haemolysis of rabbit erythrocytes by cobra, copperhead, and black snake venoms, 
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which is inhibited by inactivated homologous serum, was strongly accelerated by 
the extracted lipoids of the serum, and so also was the haemolysis of guinea pig 
cells by black snake and copperhead venoms. 

In the further analysis of this action, the total lipoids of horse serum were 
obtained by extraction with boiling ethyl alcohol, care being taken to avoid 
oxidation, and were fractionated by repeated extraction of the dried lipoids with 
acetone. It was found that the acetone insoluble fraction contained the signifi- 
cant accelerating factor for haemolysis by cobra venom. In haemolysis of rabbit 
cells by black snake and copperhead venoms, the action of the mixture of the 
two fractions was the sum of the actions of the two fractions, but in the haemo- 
lysis of horse cells by these two venoms the behaviour of the mixture, as with 
cobra venom, was determined by the activity of the acetone insoluble fraction. 

Experiments were also made to ascertain whether cholesterol, in dosage 
adequate to inhibit lecithin activation of snake venom haemolysis, in any way 
influences serum inhibition. These were wholly negative. 

The results of this group of experiments emphasize the importance of the 
whole serum complex rather than of any constituent part thereof, in determining 
inhibition of snake venom haemolysis. It is interesting also to note that the ultra 
filtrate of horse serum, obtained by filtration through a celloidin membrane, be- 
haved exactly like a very dilute solution df horse serum, feebly accelerating 
haemolysis of horse red cells by cobra venom and feebly retarding that by black 
snake venom. 

According to Ryvosh (1907), haemolysis is of two kinds, the saponin type, 
in which the cell membrane appears to be dissolved or dispersed, and that in 
which the cell behaves as though disrupted by a hypotonic solution. Species of 
erythrocytes which are most sensitive to saponin are most resistant to hypotonic 
solutions and vice versa. Snake venom haemolysis in this respect resembles that 
by hypotonie solutions, and it seemed possible that serum might cause inhibition 
by interfering with the initial pre-haemolytic phase of swelling. We have 
attempted to ascertain whether or no this is the ease. 

Essex and Markowitz (1930) using a haematocrit method have demonstrated 
pre-haemolytie swelling in haemolysis by a crotaline venom, and we have used 
a somewhat similar technique. 

We used as haematocrits, a number of accurately calibrated portions of 1-0 ¢.c. pipettes 
graduated in hundredths. The portions were five inches long, and sealed at one end, and we 
disearded all those which were not sufficiently uniform in bore, as judged by the volume 
sccupied by weighted amounts of mercury. Each tube was marked with a line corresponding 
to 0-34 ¢.¢., which was the total volume placed in each tube, and the estimations of blood 
corpuscle volume were made after centrifugation by reading the graduations with a hand lens. 
To avoid errors due to variations in the rate of centrifugation (Ponder and Saslow (1930)), 
we made sixteen comparable observations at each spinning, packing four haematocrits in 
each of four centrifuge tubes. 

Very great care was taken with the bulk sample of suspension of red cells to ensure uni- 
formity of mixture, when some of it was being taken out for an experiment. The sixteen tubes 
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of each experiment were put up rapidly, and the accuracy with which the same volume of red 
cells could be put into each tube was tested by spinning down sets of sixteen tubes and 
ascertaining the variations in red cell volume. In these tests, and in the experiments, the 
tubes were centrifuged at 4,000 revolutions per minute for 15 minutes, and the readings 
taken immediately thereafter. After disearding tubes with irregularities of bore and of 
graduation, we found that our error in these tests and in series of control tubes in the experi- 
ments did not exceed + 2%. 

The total volume of the haemolytic mixture was 1-3 ¢.c. (1-0 ¢.e. 50% suspension of four 
times washed red corpuscles, 0-1 ¢.c. of saline containing usually 1-0 of 0-1 mg, of venom, and 
0-2 e.c. of saline or inactivated serum). This amount could be filled into three haematocrit 
tubes. The effects of venom alone and of serum alone were tested by replacing the serum or 
venom by a corresponding volume of saline. A similar set of volumes was used for haemolysis 
tests put up at the same time. 

In measuring out red cells, serum and venom, the same standardized pipettes were used 
throughout, and the mixtures when made were filled with pasteur pipettes into the haematocrits 
to the fixed mark. This was done as quickly as possible after thorough mixing. 

Sinee there are large variations in the behaviour of blood corpuscles of 
different individuals of the same species, both in the rate and extent of venom 
haemolysis and the degree of pre-haemolytie swelling, a very large number of 
observations would be necessary for a rigid comparison of the susceptibilities of 
the erythrocytes of different species to haemolysis, even by a single dose of any 
one venom. Though our haematocrit observations are not sufficiently numerous 
for this purpose, they are adequate to indicate the difference between corpuscles 
insuseeptible to haemolysis and those which are extremely susceptible. 

In Table 2 are set out the percentage increases in volume of the red cells of 
five species arranged in the order of their susceptibility to haemolysis by ecopper- 
head and black snake venoms. With guinea pig and human red cells, which are 
both extremely susceptible to these venoms, large percentage increases in volume 
were observed. With sheep red cells, which are very resistant, the volume in- 
ereases were within the limits of experimental error. Those tubes in which any 
appreciable haemolysis had occurred before the measurements were made, were, 
of course, disearded. 

TABLE 2. 
Comparison of Prehaemolytic Swelling of Erythrocytes with Copperhead and 
Black Snake Venoms. 


Dose of venom in mgs. 10 1 0-1 0-01 0-001 0-0001 
Species of corpuscles. Percentages of swelling. 
Copperhead, 
Guinea pig 19-21 16-20 16-19 9-14 0 0 
Human 20 0 és 10 9 0 
Rabbit 18 0-4 9-10 8 _— 
Horse 10 4 0 0 — 
Sheep 2-4 0-1 0 0 ion 
Black. 
Guinea pig ~ 16 21 16-19 3 1-5 
Human 1] 23 16 9 5 1 
Horse — s 9 0 
Rabbit — 7 5-5 8 
Sheep 3-18 0-1-5 1-1-5 0-1-5 
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The increase of cell volume which occurs as a prelude to haemolysis by these 
two Australian venoms is greater in extent in susceptible than in non-susceptible 
corpuscles. 

In Table 3 there are set out some observations on haemolysis in the presence 

of serum. In expressing these results the increases in volume due to venom, to 
serum, and to both together have been caleulated as percentages of the volume of 
red blood cells in control tubes containing only the suspension of cells and saline. 
The figures given in the haemolysis columns are the times in hours to complete 
haemolysis. The acceleration or inhibition of haemolysis by serum is not so clear 
eut, when so large a volume of corpuscles has to be haemolyzed, as with 3% or 
5% suspensions. 
The pre-haemolytie swelling must obviously be compared with those effects 
on haemolysis actually observed on a corresponding sample of the same cells. 
Selecting only those cases in which striking inhibition of haemolysis is seen 
under these conditions, we have the haemolysis of rabbit cells by cobra venom, 
of guinea pig cells by death adder venom, and of horse and rabbit cells by black 
snake venom. In the first ease, the observed swelling with serum and venom is 
greater than the sum of the swellings due to serum and venom alone, in the second 
it is somewhat less, though greater than that due to venom, in the third it is not 
significantly different from that due to venom, and in the fourth the swelling due 
to venom together with the serum is much less than that due to venom alone. 

Taking these results, together with those in which acceleration occurs, there 
is no parallelism between the effects of serum on haemolysis and on pre-haemolytie 
swelling. It is therefore probable that the inhibitory action of serum is not 
exerted before or during the pre-haemolytie stage of swelling, but in preventing 
the final disruption of the cells. If the process of haemolysis consists in an 
alteration of permeability at the limiting surface of the cell, the entry of fluid 
into the cell and its final rupture either by a continuance of the damaging action 
on the surface or by the development of increasing pressure within it, we must 
conceive that serum either strengthens the limiting surface or places a limit upon 
the damaging action of venom. 

These results are definitely unfavourable to the possibility that the inhibiting 
action of serum depends upon the deviation of venom to the serum molecule ; 
though this view might still be tenable if we had observed swelling of the cor- 
puscles with doses of venom too small to produce haemolysis within reasonable 
time. 

In some similar experiments with saponin, there was never any pre- 
haemolytie swelling. Serum caused definite inhibition of haemolysis of all 
species of cells tested, but this was more definite when the serum and saponin 
were mixed before the addition of cells than when serum and cells were mixed 


and saponin added finally. In this inhibition of saponin haemolysis the active 
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agent appears to be deviated to the serum and protection is not due either to 
specific adsorption or to the formation of a protective layer of indifferent 
substance round the cells. Haemolysis by saponin is wholly different to that 
caused by venom and the experiments throw no light on the nature of serum 
inhibition in venom haemolysis. Unfortunately, in the much slower haemolysis 
by venom, varying the order of the mixture of cells, venom and serum, does not 
give us any indieation as to whether there is any similar deviation of venom 
haemolysins to the inhibiting homologous serum. 

Ilaemolysis by lecithin resembles that due to snake venom. It is preceded 
by swelling of the corpuscles and is inhibited by cholesterol though the pre- 
haemolytie swelling is not diminished thereby. The inhibition of lecithin 
haemolysis by cholesterol is, therefore, similar in this respect to the serum inhibi- 
tion of venom haemolysis. 

Venom is adsorbed to washed red corpuscles left in contact with Australian 
venoms at 0°C., but haemolysis does not oeeur. 

Such cells, even after repeated washing with ice-cold isotonic solution, 
haemolyzed when raised to room or incubator temperature, whereas if they had 
been treated with venom in the presence of inactivated serum, they either did not 
haemolyze spontaneously when warmed, or did so much more slowly. 

The following experiment is typical. 5 ¢.c. of 5% suspension of rabbit red blood cells, 
six times washed and suspended in 8% cane sugar, was treated in the cold (0-1°C.) with 
5 mgs. of copperhead venom in 0-5 ¢.c. of cane sugar solution. The control tube contained, in 
addition, 1-0 ¢.c. of rabbit serum inactivated by heating to 58°C. for half an hour. After two 
hours in the refrigerator the cells were spun down, and washed four times with ice cold cane 
sugar solution. They were now made up in 5% suspension. 

The cells treated with venom haemolyzed completely in 23‘ hours at 37°C. without further 
addition of venom. Those treated with inactivated serum as well as venom were only incom- 
pletely haemolyzed after 20 hours. 

The addition of 0-2 ¢.c. of fresh guinea pig serum, diluted 1 in 5, caused almost complete 
inhibition, only a trace of haemolysis occurring in 20 hours. In the case of cells treated with 
venom alone, the addition (to 1 ¢.c. of 5% suspension) of 0-1 ¢.c. of .0-1% lecithin caused 
complete haemolysis in 14 hours, at 37°C., of 0-05% lecithin complete haemolysis in 2 hours, 
and of 0-01% lecithin complete haemolysis in 24 hours. In the case of cells treated with 
serum, 0-1% lecithin caused complete haemolysis in 2 hours, 0-05% lecithin in four hours, and 
0-01% lecithin in 20 hours. Lecithin caused no trace of haemolysis in control tubes containing 
red cells similarly treated, except that neither venom nor serum was present during the primary 
incubation in the cold. 

In an experiment with cobra venom in the same strength, using the cells from the same 
rabbit, haemolysis was incomplete after 20 hours in the washed cells after treatment with 
venom alone. Complement, 0-2 ¢.c. of 1 in 5 dilution, caused slight inhibition (a trace of 
haemolysis occurring after 20 hours). Lecithin 0-1% caused complete haemolysis, 0-05% 
incomplete haemolysis, and 0-01% a trace of haemolysis after 20 hours. After treatment with 
venom and serum there was no haemolysis in 20 hours with the cells alone and after the addition 
of complement; with 0-1% lecithin and 0-05% lecithin haemolysis was incomplete, and with 
0-01 lecithin a trace of haemolysis only was present after 20 hours. 

Black snake venom gave results similar to those obtained with copperhead venom, but 
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haemolysis took place more rapidly, and inhibition by primary treatment with serum was not 


quite so complete. 

These results might be explained either (a) by deviation of venom to the 
serum, (b) by the serum functioning as a protective colloid hindering the 
adsorption of venom to the cells, or (¢) by adsorption of serum to the cells in 
the presence of venom—the serum acting subsequently as a protective agent in 
the second phase of haemolysis. 

That serum is not adsorbed to rabbit cells in the cold when allowed to act 
on them in the absence of venom, was clearly shown in control experiments in 
which serum was added to cells, and these were kept in the cold for two hours 
before washing and subsequent test by addition of venom. 

Since our haematocrit experiments were unfavourable to the view that 
deviation of venom to the serum was the explanation of inhibition, it seems 
probable that the serum either hinders adsorption of venom to the corpuscles, or, 
being itself adsorbed, hinders the subsequent haemolysis when the cells are 
warmed. 

It seems to us that the phenomenon of serum inhibition of venom haemolysis 
cannot be explained without invoking the colloid theory of haemolysis so admir- 
ably discussed by Herrmann and Rohner (1925). According to these authors, 
there are three types of haemolysis: (a) lysis of the lipoid or protein lipoid 
envelope (adsorption haemolysis); (b) disturbance of the isotonie equilibrium 
(coagulation haemolysis); (¢) dissolving out of haemoglobin. Snake venom 


‘ 


haemolysis is evidently an ‘‘adsorption’’ haemolysis according to this classi- 
fication, and those factors which cause inhibition, and notably serum, can most 
easily be conceived of as exerting their effect by causing changes in the colloidal 
system composed of protein, lecithin, and cholesterol, which constitutes the limit- 
ing surface ef the corpuscle. 


SUMMARY. 


Haemolysis by Australian snake venoms is essentially similar to that by 
other venoms. It depends upon a lecithinase acting at the limiting surface of 
the corpuscle and is subject to the same ionic influences at this interface as 
haemolysis by cobra venom. 

Complement plays an insignificant part in haemolysis by the Australian 
venoms. 

Though they cause partial inhibition when present in excess, the venoms 
do not render susceptible corpuscles more resistant to other lytie agents. 

Inhibition by serum is a frequent phenomenon in haemolysis by Australian 
venoms. It is not constantly associated with diminution of the swelling of the 
cells, which normally precedes venom haemolysis. It is concluded that inhibition 
is not due to deviation of venom to the serum. 
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Australian snake venoms are adsorbed to red blood corpuscles when left in 


contact with them at 0°C. and the washed corpuscles haemolyze when warmed. 

Serum in the absence of venom is not adsorbed to the corpuscles, but cells 
treated in the cold with both serum and venom and subsequently washed do not 
haemolyze when warmed. It is concluded that inhibition depends upon an inter- 
action at the limiting surface of the cells. 

Apparently, the whole serum protein lipoid complex is essential to this 
action, since opposite effects are produced by serum proteins deprived of their 
lipoids, whereas the lipoids alone activate haemolysis. 
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ON THE PRESENCE OF A RICKETTSIA-LIKE 
ORGANISM IN THE LYMPHOCYTES OF SHEEP 
by 


HUGH McL. GORDON! 


(From the Parasitological Department, MeMaster Animal Health Laboratory, 
Council for Scientific and Industrial Research, University of Sydney, 
New South Wales). 


(Submitted for publication 15th March, 1933.) 


During the examination of blood smears at this laboratory, chromatin- 
staining bodies, whose appearance suggested their being Rickettsiae, have been 
observed in lymphocytes. 

Bodies included in the genus Rickettsia have a wide range in nature. Some 
forms are pathogenic and transmitted by blood-sucking insects; others are harm- 
less parasites of non-blood-sucking insects. Rickettsias which have been described 
in sheep are: Ricke!ftsia ruminantium, described by Cowdry (1926), the causal 
organism of heartwater, transmitted by Amblyomma hebraeum; R. conjunctivae, 
described by Coles (1931), the causal agent of an ophthalmia of sheep in South 
Africa; a non-pathogenic Rickettsia-like organism occurring in the conjunctival 
epithelium, also described by Coles (1931); and R. melophagi, which is trans- 
mitted to sheep by the ked (Melophagus ovinus). 


R. ruminantium, as described by Jackson (1931), from forms seen in endothelial cells 
derived from scraping the intima of large blood vessels, shows, rather striking resemblance to 
the forms described by Coles (loc, cit.). R. rwminantium has not been observed in blood smears, 
according to Jackson (loc, cit.). The organisms described by Coles are found in the con- 
junctival cells in groups presenting the typical Rickettsia-picture, and include forms showing a 
wide morphology, there being rod, coccus, ring, and half-ring forms. R. melophagi occurs in 
the intestinal lumen of the Ked, associated with the flagellate, Trypanosoma melophagi, and is 
transmitted hereditarily through the egg. It has been cultivated from the blood of sheep by 
Noller and Kuchling (1923), but there are no records of its having been observed in the blood. 
These authors derived their culture material from the leucocytic layer of blood which had been 
allowed to clot. It would thus appear that the organism is associated with these cells. In its 
arthropod host, 2. melophagi, occurs as small uniform coceus-like bodies, and apparently retains 
this morphology on cultivation. The only species of the group which has been observed in the 
blood of the mammal host, is that which causes Rocky Mountain Spotted Fever. Wolbach (1923) 
states that Dermacentroxenus rickettsia (the casual agent) occurs in exceedingly small numbers 


in the blood. Nicholson (1923) states that the organisms occur in the mononuclear leucocytes. 
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Rickettsia-like bodies have been regularly seen by the author in smears made from the 
blood of sheep carrying Melophagus ovinus, in whose blood sometimes as many as 82% of the 
lymphocytes contained one to twenty of these bodies. The forms seen varied in size, and also 
in general shape. Ring and half-ring forms were common, and bipolar staining forms have been 
observed, Others occurred as small coccus-like bodies, or large rounded masses which did not 


stain uniformly. The bodies stained readily with Giemsa and Leishman stains. As seen in 





Fig. 1. Pig. 2. Fig. 3. 


the micro-photographs of blood films (Figs. 1, 2, and 3), the bodies are in the cytoplasm of the 
lymphocytes. Fig. 1 shows ring and half-ring forms, and a rather poorly stained bipolar form. 
In Fig. 2 are large ring forms, and in Fig. 3 a variety of forms occurs. The morphology of 
these bodies and their resemblance to the micro-photographs of R. ruminantium, R. conjunctivac, 


and the unnamed form described by Coles, suggests their being of the genus Rickettsia. 


Intima smears have been made from the jugular vein of sheep showing 
Rickettsia-like bodies in lymphoeytes, but nothing presenting a typical Rickettsia 
picture has been seen. On one occasion two large, oval, apparently nucleated 
bodies were observed, but owing to the absence of further bodies of this type in 
numerous other smears one hesitates to attach any significance to them. Little is 
known of the life-history of this type of organism, so that forms seen in lympho- 
cytes could be developmental stages. The arrangement of the bodies seen in circu- 
lating lymphocytes is not invariably that of typical Kickettsia. There may be a 
few bodies scattered throughout the cytoplasm, but usually there is a grouping of 
them, and each body appears to be surrounded by a halo of lightly staining 
material. Similar bodies are depicted by Norris and Chamberlain (1929) and 
De Kock and Quinlan (1926) in the lymphocytes of sheep, and are regarded as 
cell granules by these authors. 

The suggestion that the bodies described are Rickettsia melophagi is based on 
their resemblance, both in morphology and arrangement, to the other Rickettsia 
spp. of sheep, and on the fact that they were not present in new-born lambs which 
were free from Melophagus ovinus, but appeared a fortnight later, when these 
lambs became infested with this parasite. 
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EXPERIMENTS ON THE GROWTH AND LONGEVITY 
OF THE WHITE MOUSE 


1. THE INFLUENCE OF INJECTIONS OF THORIUM OLEATE IN OLEIC ACID, 
AND OF OLEIC ACID ALONE, ON GROWTH AND LONGEVITY 


by 


T. BRAILSFORD ROBERTSON, MARY C. DAWBARN,! R. G. THOMAS, 
J. W. WALTERS, AND J. D. O. WILSON 


(From the Laboratory of the Division of Animal Nutrition of the Commonwealth 
Council for Scientific and Industrial Research at the University of Adelaide, 
South Australia). 


(Submitted for publication 22nd February, 1933. 


These experiments were planned and begun in 1929 by the late Professor 
Brailsford Robertson, and since his death (in January, 1930) have been carried 
on by his colleagues at the Laboratory of the Division of Animal Nutrition. 


EXPERIMENTAL PROCEDURE. 


The animals used were drawn from the stock of albino mice previously de- 
seribed by Robertson (1925). They were removed to the experimental cages at 
five weeks of age, a few days after being weaned. Control and experimental 
animals were chosen alternately from the same litters. Obviously weak animals 
and those which were the only members of their litters were rejected. Litters of 
more than five were reduced to five at birth. 

The mice were confined in cages of metal and Vita glass, with floors of per- 
forated zine. Each cage contained a cubical earthenware nest, in which the 
animals slept on sawdust bedding. The cages were carefully cleaned each week. 
Six mice, all of one sex, shared each cage. 

The animal room was lit from above, and from the east with Vita glass win- 
dows, and was maintained at 70°F. in the winter. Despite the use of ventilating 
fans, the temperature sometimes rose above 90°F. during summer. 

The standard mixed diet, which was fed to all the mice ad /ib., consisted of 
yellow maize which had been dipped in boiling water, and rice boiled in milk, to 
which a small quantity of NaCl had been added. 








1 Research chemist to the Animal Products Research Foundation of the University of 
Adelaide, 











T. B. ROBERTSON AND OTHERS 





In addition each animal received 1 ¢.c. of a mixture of equal parts of whole 


egg and fresh milk on six days a week. Any dietary supplements were mixed with 
the egg and milk, which was given to the animals before the other food, to ensure 
its being eaten. It was not practicable to give each mouse its share of egg and 
milk separately ; 6 ¢.c. was shared between six animals. Water was given by the 
drop tube method. 

A single experimental unit of 144 animals was used, divided into four equal 
sub-groups. 

Thirty-six male mice received injections of an emulsion of thorium oleate in 
oleic acid from 5 weeks to 400 days of age. These were the ‘‘experimental males.”’ 
The ‘‘control males’’ received injections of an oleie acid emulsion containing no 
thorium. The ‘‘experimental females’’ received injections of the thorium oleate 
emulsion, but, unlike the males. their diet was supplemented by the daily? addi- 
tion of 25 mgs. of vegetable nucleic acid (British drug houses) throughout life. 
The ‘‘control females’’ were treated exactly like the ‘‘control males.’’ 

The emulsion of thorium oleate was prepared as follows : 

20 ce. of oleic acid were placed in a wet Erlenmeyer flash and 4 gms. of finely-ground 
thorium oleate (B.D.H.) added to it. The mixture was then shaken and gently heated over a 
small flame until the thorium oleate was completely dissolved. To it was then added 400 e.e. 
of boiling -35% NaOH, and the whole violently shaken for some minutes, and allowed to cool. 
An excellent emulsion was produced, Owing to the variable composition of thorium oleate, it 
was necessary to standardize the emulsion to determine the dosage of thorium administered 
with each injection. This was done by taking suitable aliquots of the emulsion and evaporating 
to dryness in a platinum dish. Sufficient sulphuric acid to decompose the oleate present was 
then added, and the dish and its contents were heated to fuming. The remainder of the 
procedure for estimating the thorium present was by precipitation as iodate, in the manner 
detailed later. The thorium oleate emulsion usually contained approximately 2 mgs. thorium 
dioxide per ¢.c., actually -0018 gms. ThO. per c¢.c.). 

The oleic acid emulsion was prepared in the same way as the thorium oleate emulsion, 
except that no thorium oleate was added. 


Prior to the injections, the required amounts of the emulsions were sterilized. 


The material was injected subcutaneously, usually in the back. Until the 
mice reached 20 grms. in weight each one was given a weekly injection of 0-25 ¢.c. 
of one or other emulsion. Afterwards the amount was increased to 0-5 ¢.c. 

As both control and experimental animals sometimes developed sores at the 
sites of the injections, after 210 days of age the injections were given fortnightly. 
The condition of the mice greatly improved, the development of sores being much 
less frequent. Nevertheless, although no injections were made after 400 days of 
age, there were animals whose sores did not heal, even though they lived to up- 
wards of 700 days. This rarely happened among the control animals. The 
animals were weighed each week till they were 210 days old, and fortnightly 
thereafter. 





2 Each day except Sunday. 
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PRESENTATION OF RESULTS. 


The figures show the average weights of the animals from five weeks of age 
till the death of the last animal. The ‘‘probable error’’ of the mean weight at 
(00-6745 & standard deviation) : 
each age —— ——— has been plotted on each side of the 

on 
mean, till ‘‘n,’’ the number of animals, was reduced to five. This method, by 





which each growth curve appears as a ribbon instead of a line, was previously 
used by Robertson (1925). 

In the mortality statisties, a few deaths which could be reasonably attributed 
to accident, have been excluded. Of these there were only 9 among 425 animals. 

There was no epidemic infection among the mice. 

In each group the percentage of the original number of animals surviving 
has been caleulated at 50-day intervals, and shown underneath the growth curve. 

The mean durations of life are represented by circles of which the centres are 
situated at the observed average age of death, and the diameters are twice the 
probable errors of the average. 

The injections of oleie acid do not seem to have affected the growth and 
weight of the mice, for the control animals, both male and female, showed growth 
curves comparing favourably with those of the control mice in other experiments 
carried out at the same time. They do, however, appear to have reduced the ex- 
pectation of life of the animals. This effect can be gauged by comparing the mean 
life duration of the control animals in this experiment with that of the control 
animals in two experiments to be deseribed in the succeeding paper in this Journal. 
For the male animals the life durations were 661 days in this experiment, and 772 
and 775 days in the other experiments; for the female animals 702 days as com- 
pared with 759 and 801 days. 

The injection of thorium oleate depressed the growth of the experimental 
animals, and the mean maximum weight obtained by them was less than when 
only oleic acid was injected. 

The mortality statistics also point to an injurious effect of the thorium, per se. 
The mean life duration of the experimental male animals was 44 days less than 
that of the controls, a difference which may or may not be significant. In the case 
of the females the difference was 71 days (p.e. 24), and was certainly significant. 

The female mice appeared to be slightly more sensitive to the action of 
thorium than the males. It is doubtful whether this apparent increase in sensi- 
tivity was due to the vegetable nucleic acid in their diet. 

The Retention of Thorium in the Bodies of the Mice, and its Distribution in 
Different Organs. 

The distribution of the injected thorium among the several organs and tissues 
of the mice was qualitatively investigated in some instances by ashing the tissues 
and making photo-radiographie tests by exposing a photographic plate, enclosed 
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in a light-proof box, to the radiations from the thorium in the ash. Exposures 
ranged from 14 to 30 days. By this means the presence of traces of thorium in 
most of the tissues was confirmed, and the variations in thorium coneentration in 
the several organs were also made apparent. 

By reason of the fact that the radiations are absorbed proportionately to the 
amount of ash present, and its density, this method cannot be considered strictly 
quantitative, but the results show that the thorium tends to accumulate preferen- 
tially in the bones, skin, and kidneys, in the order stated, under the conditions of 
its administration in this experiment. It was found that thorium was relatively 
absent from the blood, brain, liver, heart, spleen, submaxillary gland, intestine, 
lungs, and fat. If the dry weights of the above-mentioned organs and tissues are 
taken into consideration it is at once apparent from the photographic results that 
the bulk of the retained thorium was present in the bones. In view of the great 
insolubility of thorium phosphate, in which form the thorium presumably occurred 
in the bones, this result might well have been expected on a priori grounds. 

Quantitative determinations of the amount of thorium retained, compared 
with the amount administered, were made on seven mice only. The analytical 
procedure was as follows: 

The entire mouse was placed in a platinum dish, and dried in an air oven at 100°C., after 
which it was completely ashed in an electric muffle furnace. The ash was moistened with strong 
sulphuric acid, and heated to fuming to render soluble any oxide or phosphate of thorium. 
When cool, the sample was dissolved in nitric acid of such a strength as to preclude the pre 
cipitation of calcium sulphate or phosphate, and the thorium was then precipitated by cautious 
addition of a saturated solution of potassium iodate. After standing 24 hours, the precipitated 
thorium iodate was filtered off and washed with weak nitric acid containing potassium iodate. 
It was then dissolved, on the filter, in hot hydrochlorie acid, of 6 N. strength, and washed 
through into a small beaker. The solution was then evaporated on a water-bath, to reduce the 
iodate and transform the thorium to chloride. The residue was then taken up in a little water 
with a trace only of weak hydrochloric acid, and the thorium precipitated as peroxy-hydroxide 
by addition of pure hydrogen peroxide solution, and subsequent warming of the solution to 
70°C. The white flocculent precipitate was filtered off, washed, dried, and carefully ignited 
with the filter in a platinum crucible to constant weight. 


In this way the following results for retained thorium dioxide were obtained : 


Caleulated Thorium % Dosage Days since 
thorium dioxide dioxide ThO. Age at last 
Mouse injected. recovered. retained death in jection 
number. Sex. (gms.). (gms.). in tissues. (days). of Thorium. 
G.i.15 M. 0-032 0-0150 46-9 440 49 
G.i.17 M. 0-025 0-0149 59-6 334 12 
H.k.13 F. 0-017 0-0060 35-3 288 1 
H.s.28 F. 0-028 0-0100 35-7 382 6 
H.b.1 F. 0-038 0-0060 15-8 538 132 
G.e.12 M. 0-031 0-0062 20-0 383 6 
G.a.5 M. 0-031 0-0080 25-8 399 8 


From the above table it appears that the amount of thorium retained by the 
animal bore no fixed relation to the amount injected, even when the time interval 
since the last administration of thorium is taken into consideration. The amounts 
of thorium excreted with the urine and faeces respectively were not determined 
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in the present investigation. However, the results obtained by v. Hevesy and 
Wagner (1930), in a similar experiment, in which thorium nitrate, containing 
traces of uranium X, was subcutaneously injected into mice, and subsequently 
determined electrometrically, showed that, of the total amount of thorium ex- 
creted 64% was passed in the urine and 36% in the faeces. In view of this fact 
the possibility of the deleterious action of the thorium, irrespective of its radia- 
tions, on the kidney tissue should be taken into account, not only as a probable 
factor in determining the duration of life of the animals, but also as leading to a 
restricted excretion of thorium by this channel, and therefore possibly explaining 
the irregular retention of thorium shown in the above results. 


SUMMARY. 


The injection of an emulsion of 1% thorium oleate in oleic acid into male and 
female white mice at short intervals up to 400 days of age depressed their growth 
below that of the controls, which received injections of oleic acid only. There is 
reason to believe that the oleic acid injections had no influence on growth. 

Both oleic acid and thorium oleate injections shortened the life-span of the 
animals. The effect of the thorium was more marked than that of the oleic acid. 

Analysis of some of the mice after death showed that not all the thorium had 
been excreted. The amount retained varied from 16% to 60% of that injected, 
and was present principally in the bones, the skin, and the kidneys. 
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TABLE 1. 


Growth of male white mice receiving injections of oleic acid, 1929-1932. 


Number Age Mean Probable Number Age Mean Probable 
of in weight error of in weight error 
animals. weeks. gms. of mean. animals. weeks. gms. of mean. 
36 5 9-40 -16 34 25 26-16 -29 
36 6 11-09 +21 24 26 26-36 +26 
36 7 12-70 +24 34 + 27 26-70 26 
36 8 13-34 -22 34 28 26-91 +25 
36 9 14-43 +31 34 29 27-10 -29 
36 10 15-73 -26 34 30 27-09 *27 
36 11 17-33 +25 33 32 27-53 -30 
36 12 18-66 +24 33 34 27-56 +32 
36 13 19-63 -22 33 36 28-20 -36 
36 14 20-62 -22 33 38 28-38 +36 
35 15 21-25 “24 33 40 29-00 +37 
35 16 21-95 -24 33 42 29-68 -38 
35 17 22-58 -23 33 44 29-85 -41 
35 18 23-08 +23 33 46 30-42 -44 
35 19 23-70 +25 32 48 30-88 -48 
35 20 24-00 +24 32 50 31-64 -56 
35 21 24-35 +23 32 52 31-72 -57 
35 22 25-10 -23 31 54 32-22 -62 
34 2% 25-52 +26 31 56 32-42 -69 
34 24 25-88 -26 31 58 32-65 -74 
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Growth of male white 
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TABLE 1 (continued). 
Growth of male white mice receiving injections of oleic 


Probable 
error 
of mean, 
-79 
-78 
-81 
-91 
-97 
-05 
-01 
“03 
-04 
-99 
“95 
-66 
-71 


*65 


mice receiving injections 


Probable 
error 
of mean. 
+17 
-2] 
+24 
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animals. weeks. 


acid, 1929-1932. 


Mean 
weight 
gms. 


29 


29- 


29 
29 
29 
29 


85 
23 
94 
44 
43 
07 
58 
42 
33 
80 
40 
33 
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26-33 


25 


92 
23- 


24 
24 
24 


92 
—o* 
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50 
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25 
50 
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gms. 


26 
o7 
27 
o7 
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or 


28 


28- 


29 


-56 
-01 
-57 
-97 


“30 


74 


-O1 


29. 
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Probable 
error 
of mean. 
-64 
-85 
-57 
-42 
-48 
-49 
-57 
-61 
-64 
-54 
-64 


in oleic acid, 


Probable 
error 
of mean. 


-30 
-28 
+32 
-30 
+34 
33 
33 
+34 
“39 
+35 
-40 
-40 
-47 
-52 
D5 
-61 
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-65 
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Growth of male white mice receiving injections of thorium 
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of 


animals. weeks. 


2% 
22 
21 
20 
19 
19 
19 
18 
17 
15 
14 
12 
11 
10 
10 


Growth of female white mice receiving tnjections of olete 
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36 
36 
36 
36 
36 
36 
36 
36 
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80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
100 
102 
104 
106 
108 
110 
112 
114 
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in 


weeks. 
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weight 
gms. 


31 


29. 


» }- 
28. 
29. 


29 


27 
29 


28 


28. 


-28 
30- 
30- 
31- 
30- 
29- 
29- 
29. 


48 
83 
13 
47 
97 
32 
36 
59 
67 
86 


67 


-23 


28. 


55 
-20 
-07 
-83 


75 
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21 
21 
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-54 
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87 
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TABLE 3. 


Number Age 
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5 116 
+ 118 
3 120 
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2 126 
2 128 
2 130 
2 132 
l 134 
] 136 
] 138 
1 140 
1 142 
1 144 
l 146 
] 148 
1 150 
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33 
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TABLE 3 (continued). 


Probable 
error 
of mean. 
+59 
-68 
-65 
-56 
-56 
-76 


-62 


~* 


“38 
-68 


*39 
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of mean. 


-30 


-36 
+37 
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in 
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120 
122 
124 
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in 
animals. weeks, 


54 
56 
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60 
62 
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96 

98 
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THE DISTRIBUTION OF CALCIUM BETWEEN BLOOD 
PLASMA AND ERYTHROCYTES 


by 
R. GRENFELL THOMAS 


(From the Division of Animal Nutrition of the Commonwealth Couneil for 
Scientific and Industrial Research, at the University of Adelaide, 
South Australia). 


(Submitted for publication 1st January, 1933.) 


Considerable diversity of opinion still exists as to whether blood corpuscles 
contain calcium and the conflicting results obtained by various investigators, on 
different types of blood, have been reviewed and discussed by Kramer and Tisdall 
(1922). They coneluded that the corpuscles of human blood do not contain 
calcium. In the present investigation an examination has been made of the blood 
of the sheep, ox, pig, and man with a view to determining the relative distribution 
of the calcium between the plasma and erythrocytes. The permeability of the 
corpuscles to calcium ions has also been studied. The method adopted has been 
to calculate the amount of calcium in the erythrocytes from the results obtained 
for calcium in the plasma and whole blood, together with a knowledge of the 
corpuscular volume as determined by the haematocrit. This is the same pro- 
cedure that has been followed by Kramer and Tisdall (1922), with the exception 
that they use the figure obtained for serum calcium whereas in this instance the 
value obtained for plasma calcium has been used. It has been generally conceded 
that these two values are nearly identical and that no sensible error occurs in 





substituting one for the other |Sehmidt (1850) |, but it has been my experience 
that the calcium content of the plasma of the sheep, obtained from blood citrated 
to the extent of 0-25 gm. of sodium citrate to 100 ¢.c. of blood, is usually some 
10% higher than that of the corresponding serum. A similar conclusion has been 
reached by Stewart and Percival (1928) in the case of human blood. 

Most of the methods commonly used for the determination of calcium in whole 
blood, serum, or plasma, have been designed for use with very small amounts of 
material, and are so adapted that the estimation may be made rapidly. In this 
investigation the calcium determinations have been made on samples of the 
order of 20 ¢.c. of blood or plasma in each instance. The final estimation of the 
calcium, whether in whole blood or plasma, has been by permanganate titration 
of the reprecipitated and washed calcium oxalate. The objection to perman- 


. 





110 R. GRENFELL THOMAS 


ganate titration methods that has been raised by Roe and Hahn (1926) does not 
apply to the assays herein described, since the amount of calcium present is 
relatively large. 

In estimating the calcium content of whole blood two methods were used on 
most samples. The first consisted of ashing the blood and determining the 
calcium in the ash, and in the second the blood proteins were precipitated by 
trichloracetic acid and the calcium estimated in an aliquot of the filtrate. The 
results obtained, on any one sample, by these two methods indicated that the 
trichloracetic acid method does not extract the whole of the calcium from blood, 
since by ignition of the blood sample higher figures for calcium were always 
obtained. Furthermore, an examination of the protein precipitate, after re- 
peated washing with trichloracetic acid, showed that it still retained calcium. 
The discrepancy between the two methods may amount to 2 mgs. of calcium per 
100 ¢.c of blood. This is sufficient to influence considerably the apparent amount 
of calcium in the corpuscles. In view of these results it appears that in the esti- 
mation of calcium in whole blood it is essential to ignite or otherwise completely 
decompose the sample. Lyman (1917) obtained identical results by the ignition 
and trichloracetic acid filtrate methods, but his failure to detect a discrepancy 
between the two methods is probably to be accounted for by the small samples 
(2-5 ¢.c.) of blood used. 

On account of the relative abundance of iron and phosphorus in blood ash, 
the accurate determination of calcium in ashed sampies is beset with difficulties. 
The following procedure, which is based on the researches of Washington (1919) 
in mineralogical analysis, has been found to give consistent results. 


IGNITION METHOD FOR CALCIUM IN BLOOD. 


25 ¢.c. of blood, citrated to the extent of 0-25% sodium citrate, are pipetted into a capa 
cious platinum basin and dried at 95°C, in a hot air oven for 24 hours. The basin and its dry 
contents are then introduced into an electric muffle furnace, the temperature of which is so 
controlled that at no time does the muffle show a red heat. Under these conditions the dried 
blood will be rapidly carbonized without igniting. When carbonization is completed the tem- 
perature is increased until a faint red glow is just apparent. If the temperature and air inlet 
are properly controlled the carbon will be rapidly oxidized without the slightest votalization of 
alkali chlorides taking place. The latter is to be specially guarded against, as it is important 
that no fusion of the inorganic residue should occur. The ash should be a floceulent reddish- 
brown powder, entirely free of carbon, if the ignition has been carefully carried out. The dish 
is covered with a clock glass and 10 ¢.c. of 5N. HCl are run in through the lip. On warming 
for some time solution will be complete. The clock glass is rinsed into the dish, a little methyl 
orange indicator is added, together with 1 ¢.c. of a 10% ferric chloride solution, and the solution 
is heated nearly to boiling. Strong ammonia water is then added drop by drop from a burette, 
with constant stirring, until the indicator just changes colour and a faint smell of ammonia can 
be detected above the hot solution. The ammonia water used must be entirely free of ammonium 
carbonate to avoid partial precipitation of ‘the calcium at this stage. If a test with barium 
chloride shows any ammonium carbonate to be present, the ammonia must be redistilled from 
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barium hydroxide to free it of this impurity. The precipitated ferric phosphate and hydroxide 
is filtered through an acid-washed filter paper, and washed twice only with dilute ammonium 
chloride solution made alkaline with ammonia, to avoid the formation of filter-passing colloidal 
hydroxides. The precipitate on the filter is then redissolved in a minimum amount of 5N. HCl, 
wished through into the original platinum dish with distilled water, and the precipitation re- 
peated exactly as in the first instance. The precipitate of ferrie phosphate and hydroxide ‘is 
finally washed five times on the filter with dilute ammonium chloride solution made faintly 
alkaline with ammonia, The combined filtrates from the two precipitations are made just acid 
with HCl and evaporated down in a platinum dish on a water-bath to a volume of approxi- 
mately 50 ¢.c. The solution is then transferred quantitatively to a 100 ¢.c. conical centrifuge 
tube, and 20 ¢.c. of saturated ammonium oxalate solution are added together with a few drops 
of brom-cresol-purple indicator, The solution is then adjusted to the neutral point of the 
indicator by cautious addition of dilute ammonia solution, as described by Kramer and How- 
land (1926), and set aside in a cool place for at least 12 hours to ensure a complete precipita- 
tion of the caleium oxalate. 

The tube and its contents are then centrifuged, and the supernatant fluid is drawn off by 
a suitable pipette with an upturned capillary orifice. The precipitate is not washed at this 
stage, but is redissolved in a minimum amount of warm, dilute hydrochloric acid. A few drops 
of brom-cresol-purple solution are added, together with two or three drops of ammonium oxalate 
solution, and the acidity is again adjusted to the neutral point of the indicator, by dilute 
ammonia solution, as before. The tube is set aside for a further 12 hours, after which it is 
centrifuged and the clear liquor drawn off, Washing of the precipitate is done in the usual 
manner with dilute ammonia solution, the precipitate being stirred up with a glass rod on each 
occasion, and then centrifuged. Three washings will be found sufficient. The reprecipitated 
and washed caleium oxalate is finally dissolved in 10 ¢.c. of hot, dilute sulphurie acid, and 
titrated hot in the centrifuge tube with 0-01N. permanganate solution which has been freshly 
prepared from a stock solution and standardized. 


In the above procedure the reprecipitation of the iron to ensure its freedom 
from combined or adsorbed calcium is absolutely essential. This arises from the 
fact that the object to be attained in the analysis is that the phosphorus should 
be combined preferentially with the iron, as ferric phosphate, leaving an excess 
or iron undissolved in the form of hydroxide, while the calcium remains in solu- 
tion as hydroxide. Departure from the conditions outlined above will invari- 
ably result in portion of the caleium being retained in the iron precipitate either 
as combined phosphate or by adsorption. The reprecipitation of the orginal 
calcium oxalate should likewise in no ease be neglected, since the original pre- 
cipitate invariably contains some magnesium, and may often consist in part of 
calcium oxalo-chloride when formed in a solution rich in chlorides. An exami- 
nation of a large sample of calcium oxalate precipitate, prepared by the method 
given, has shown that it is free of both iron and magnesium. The error intro- 
duced in caleium determinations by using ammonia water which contains 
carbonates has been apparently overlooked by many workers, but it is neverthe- 
less a very real one, involving a partial precipitation of calcium as carbonate 


even when the precipitation of iron, ete., by ammonia is carried out at boiling 
point, as should always be done. 
Kramer, Tisdall, and Howland (1921), in discussing the possible sources of 
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error in calcium determinations, have stressed the possibility of introducing 
caleium into the assay from the filter papers used. It is considered, however, 
that the error, if any, thus occasioned would always be ineluded in the blank 
assay made to test the purity of the reagents. In the present investigations it 
has been found that when using the best grade of double-acid-washed Swedish 
filter paper and Merck’s analytical reagents the total error involved in a blank 
determination for calcium is quite negligible in comparison with the amounts 
of calcium present in the assavs, although with small blood samples it might 
possibly be appreciable. It should be noted that whenever calcium estimations 
on biological material are made by a process involving direct ignition of the 
sample it is essential to ignite in platinum vessels. If this is not done some 
ealeium will invariably be lost. owing to the formation of calcium silicates by 
combination with the silica or glazed porcelain of the vessels used. The subse- 
quent decomposition of such silicates with acids will seldom be possible, and 
will lead to serious errors in the determination. 


CALCIUM IN PLASMA. 


The plasma used was obtained by centrifuging blood, citrated to the extent 
of 0-25 grm. of sodium citrate to 100 ¢.c. of blood. Any samples showing 
haemolysis were rejected. The plasma, as first obtained, was again centrifuged 
after separating it from the sedimented corpuscles. This precaution is advis- 
able, since the first sample obtained will often be found to contain some sus- 
pended fat globules and blood corpuscles which might interfere later with the 
titration. The precipitation of the calcium as oxalate was then made directly 
in the plasma, as follows: 

20 ¢.c. of plasma are introduced into a conical centrifuge tube, and 20 ¢.c. of saturated 
ammonium oxalate solution are added, without any adjustment of the acidity being made. The 
corked tube is then left overnight in the ice chest, at a temperature of 2-3°C. After centrifug 
ing, the clear liquid is drawn off, and the calcium oxalate is dissolved and reprecipitated at the 
neutral point of brom-cresol-purple, and after thorough washing is titrated with 0-01N. per- 
manganate, as previously detailed. 


In view of the discrepancy observed in blood calcium figures obtained by 
the ignition and trichloracetic acid methods respectively it appeared desirable 
to ascertain whether the value for calcium obtained by a direct precipitation in 
the plasma was the same as that given by an ashed sample of the same plasma 
treated in the same way as the ashed whole blood. As the result of two such 
determinations, on sheep and ox blood respectively, it was apparent that the 
same value for calcium is obtained by both methods. This is an important point, 
since it is occasionally necessary to use the ignition process for plasma which 
contains suspended fat, and which it is impossible to clarify by centrifuging. 
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HAEMATOCRIT DETERMINATIONS. 


In determining the volume of the corpuscles in the blood samples a con- 
siderably longer tube than is usual in haematocrit estimations has been employed. 
The tubes used are 10 em. in length, with an internal bore of 1 mm. Citrated 
blood (-25%), well mixed, is drawn into the tube for about 9 em. of its length, 
and the tube is then closed at both ends with a tightly fitting rubber band. The 
tube, with the empty space uppermost, is then fitted into a centrifuge tube 
carrier, buffered with water, and spun in the electrie centrifuge for at least 
30 minutes at a speed of 3,000 revolutions per minute at a radius of 12 inches. 
The corpuscular volume is then calculated from the relative lengths of the 
sedimented corpuscles and original blood columns. Each estimate is made in 
duplicate. 

The aceuracy of this method of determining the corpuscular volume in 
blood has been questioned by Green and Macaskill (1928). They conclude that 
“the true corpuscular volume is only two-thirds of the apparent volume,” owing 
to the presence of plasma between the compacted corpuscles after centrifuging. 
To ascertain that the procedure employed gave the true volume of the corpuscles 
the figures obtained have been checked by the method of Hoppe-Seyler (1883), 
which is based upon a determination of the amounts of dry protein in a known 
weight of whole blood, plasma, and corpuscles respectively, and of the specific 
gravity of the whole blood and plasma. In an actual experiment the results 
were as follows: 

(a) Weight of dry protein in 100 grms. of whole blood, 13-84 grms. (b) 
Weight of dry protein in 100 grms. of plasma, 6-13 grms. (c¢) Weight of dry 
protein in washed corpuscles from 100 grms. of blood, 9-60 grms. (d) Specific 
gravity of the whole blood, 1-045. (e) Specifie gravity of the plasma, 1-024. 

The percentage of erythrocytes (H)> is given by the expression : 


Sot ome 
H = 100 $3: twa - 


In this instance the result works out at 29-4% of erythrocytes, while the 
haematocrit value, obtained by centrifuging the same blood samples, gave 
28-2% of erythrocytes. It is considered that the agreement between these two 
values is sufficient to place beyond doubt the accuracy of the haematocrit figures 
obtained by centrifuging blood under the conditions set out in the present paper. 
It may well be, however, that by using haematocrit tubes of very small internal 
diameter and short length, such as are commonly employed, the haematocrit 
value then obtained is higher than the true corpuscular volume. The time of 
centrifuging is also an important factor, as it has been found that the haemato- 
crit figure becomes asymtotie only after spinning for at least 30 minutes at 3,000 
r.p.m. with a centrifuge radius of 12 inches. 
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The volume of corpuscles determined by centrifuging citrated blood is 
somewhat less than their volume before citrating. In order to ascertain the 
effect on the corpuscular volume of the addition of varying amounts of sodium 
citrate a series of haematocrit determinations was made with defibrinated blood 
containing quantities of citrate ranging from 0 to 0-35%. It was found that 
under these conditions the corpuscular volume was reduced by some 5% of the 
normal amount when 0-25% sodium citrate was added. Assuming that whole 
blood behaves in the same way in this respect as defibrinated blood, it is to be 
understood that the haematoerit values given in the present paper, and also the 
amount of calcium in 100 ¢.e. of corpuscles, are those which obtain with blood 
citrated to the extent of 0°-25%. 


THE CALCIUM CONTENT OF THE ERYTHROCYTES. 


The calcium content of the erythrocytes is caleulated from the following 


formula : 
(100 — h) 100 
H =] w— a 
100 hi 
in which X = mgs. of calcium in 100 ¢.c. of corpuscles; w — mgs. of ecaleium in 
100 e.c. of whole blood ; h = volume of corpuseles in 100 ¢.¢. of blood ; p = mgs. 


of calcium in 100 ¢.e. of plasma. 

The effect of small errors in determining calcium in either whole blood or 
plasma is made apparent by taking differential coefficients in the above formula 
for estimating the calcium content of the corpuscles. In this way it may be 
shown that for the amounts of calcium ordinarily obtaining in the plasma a 
positive error of 1 mg. of calcium in 100 ¢.c. of plasma will show an apparent 
decrease of calcium in the corpuscles of about 2 mgs. Ca in 100 ¢.c. of corpuscles. 
Small variations in the haematocrit determination do not influence the final 
result to the same extent as a positive error of 1% will raise the apparent 
amount of calcium in the corpuseles by only about 0-3 mg. Ca in 100 ¢.e. of 
corpuscles for haematocrit values of the order of 30% corpuscular volume. 

Recognition of the fact that slight variations in the calcium determination 
in either whole blood or plasma may influence so largely the apparent caleium 
content of the corpuscles has been responsible for the somewhat elaborate pre- 
cautions with which the present calcium estimations have been made. 


TABLE OF RESULTS. 


The following table sets out the results obtained in an examination of the 
blood of seven oxen, four sheep, three pigs, and three humans by the methods 
described above. 
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Percentage Calcium (Ca) Caleium (Ca) Calculated mg. 
volume of in mg. per in mg. per of Calcium (Ca) 
Type of Erythrocytes 100 ¢.c. of 100 ¢.c. of in 100 ¢.c. of 
blood, (Haematocrit). plasma. whole blood. corpuscles. 
Ox 40-10 7-8 7-1 +6-1 
Ox 38-99 9-6 7-7 +4-7 
Ox 40-38 8-4 6-8 +4-4 
Ox 43-21 9.2 8.2 +6-9 
Ox 34-44 8-0 7-9 17-7 
Ox 41-25 7-8 6-9 45-6 
Ox 42-85 9-6 8-7 47-5 
Sheep 30-96 10-6 9-0 +5-5 
Sheep 28-19 9-7 7-8 +2-9 
Sheep 27-59 10-1 7°7 +1-5 
Sheep 35-45 8-9 6-0 +0-6 
Pig 37-70 13-4 7-9 —1-1 
Pig 32-40 13-0 8-5 0-9 
Pig 44-30 13-4 8-2 +1-6 
Human 47-30 5-0 2-6 +] 
Human 39-30 10-5 6-8 +1-1 
Human 37-00 10-3 6-1 —1-1 


The calcium content of the red cells, in the ease of ox blood, averages 6-1 
mgs. of calcium per 100 ¢.c. of corpuscles. With sheep blood the results are 
somewhat anomalous; in two instances the red cells may be considered as being 
nearly devoid of calcium, while a third sample contained 2-9 mgs., and a fourth 
5:5 mgs. of calcium in 100 ¢.c. of corpuscles. The latter result has been cheeked 
on a duplicate sample. The erythrocytes in the blood of pigs and human beings 
are apparently devoid of calcium. Lieboff (1930) has also coneluded that 
caleium does not oceur in human erythrocytes. The first sample of human blood 
tabulated was obtained from a patient suffering from polycythemia, and was 
somewhat diluted with isotonie citrate solution, which explains the low values 
for plasma and whole blood calcium and the high haematocrit reading. 

The results obtained in the present paper, studied in conjunction with those 
obtained by other workers, indicate that the different analytical processes used 
by various investigators are responsible for at least some of the uncertainty 
which exists as to whether the red cells of any particular kind of blood contain 
calcium in appreciable amounts. Apart from this it appears probable that cer- 
tain individuals in any species (e.g., sheep) differ from others, in that the red 
cells of their blood contain appreciable amounts of calcium, either temporarily 
or permanently, while the erythrocytes of others lack calcium. For example, 
Heubner and Rona (1918-19) found demonstrable amounts of calcium in the red 
blood cells of six cats only in a series of twenty-six animals studied, while in the 
ease of four sheep examined in the present investigation two show an appreei- 
able amount of calcium in the corpuseles. It is known that the distribution of 
sodium between the plasma and erythrocytes likewise shows specific anomalies 
in that the blood corpuscles of pigs and horses are almost free of sodium, while 
those of dogs and bullocks contain sodium. 
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OBSERVATIONS ON PERMEABILITY OF CORPUSCLES. 


If the presence or absence of calcium in the blood corpuscles is regarded as 
an individual idiosynerasy it is natural to enquire whether the corpuscles of 
various kinds of blood may not be permeable to calcium ions. On this point 
some difference of opinion appears to exist. Cowie and Calhoun (1919) have 
come to the conelusion that the corpuscles of ox and man contain appreciable 
amounts of calcium, and that the calcium content is lowered by washing with 
isotonic saline. Hamburger (1909) and Hérhammer (1912) were also of the 
opinion that isotonie salt or sugar solutions could extract calcium from ox blood 
corpuscles. In order to decide whether the corpuscles of the blood used in our 
experiments were permeable to calcium ions a series of tests was made, in which 
sedimented corpuscles were added to a sequence of solutions containing varying 
strengths of sodium and calcium chlorides respectively, and the molarity strength 
of the solutions which indueed haemolysis was noted. 


Experiment 1. 

Two series of six test tubes were arranged to contain 10 ¢.c, each of increasing strengths 
of sodium chloride and calcium chloride, respectively. To each tube was added 0-1 ¢.c. of 
corpuscles sedimented from citrated sheep’s blood. The tubes were shaken, and then placed in 
racks in the refrigerator at 2°-3°C, overnight, and read the next morning. The molarity of 


the solutions used, and the degree of haemolysis which occurred, are shown in the following 


table: 
SHEEP BLOOD. 
NaCl CaClo 
Molarity. Haemolysis. Molarity. Haemolysis. 
0-110 + + ++ 0-075 +++ 
0-115 +++ 0-080 +++ 
0-120 ++ 0-085 + 
0-125 + 0-090 0 
0-130 0 0-095 0 
0-140 0 0-100 0 


Equal haemolysis to that produced in 0-125 M. sodium chloride occurred between 0-085 M, 
and 0-090 M. calcium chloride, say at 0-087 M. calcium chloride. The coefficients of ionization 
obtained by Noyes and Falk (1912) for sodium and calcium chlorides of these concentrations 
were applied with the result that the sum of mols and ions per litre in the case of 0-125 M. 
NaCl was found to be 0-233, while in the case of 0-087 M. CaCl the sum of mols and ions 


per litre was found to be 0-230. 
Experiment 2. 
An exactly similar test was made with ox blood; the concentrations of NaCl and CaClo 


used and the extent of haemolysis observed were as follows: 


OX BLOOD. 


NaCl CaCly 

Molarity. Haemolysis. Molarity. Haemolysis. 
0-080 ++ + 0-050 +++44 
0-090 ++ 0-060 +++ 
0-095 + 0-065 ++ 
0-100 + trace 0-070 + trace 
0-105 0 0-075 0 
0-110 0 0-080 0 


0-120 0 0-090 0 
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From the above table it appears that 0-102 M. NaCl is equivalent to 0-072 M. CaClo, and 
by a similar adjustment for ionization we have: 
The sum of mols and ions per litre in the case of 0-102 M. NaCl = 0-191. 
The sum of mols and ions per litre in the case of 0-072 M. CaCl, = 0-191. 


Experiment 3. 
Human blood was tested in a similar manner. The concentrations of sodium and caleium 


chlorides, respectively, and the extent of haemolysis observed were as follows: 


HUMAN BLOOD. 


NaCl CaCl, 

Molarity. Haemolysis. Molarity. Haemolysis. 
0-060 TTT + 0-040 + + + 
0-070 +++ 0-045 Te + 
0-080 ++ 0-050 ++ 
0-090 + 0-060 + 
0-100 0 0-070 0 


The degree of haemolysis in 0-090 M, NaC] solution was equivalent to that in 0-060 M, 
CaCl, solution, Therefore, calculating as before, and adjusting for ionization: 
The sum of mols and ions per litre in the case of NaC 0-168. 


The sum of mols and ions per litre in the case of CaCl, = 0-162. 


From the results of these three experiments it is clear that the blood cor- 
puseles of sheep, ox, and man behave in the same way in sodium chloride and 
calcium chloride solutions of the same osmotic pressure, and since the cor- 
puscles are considered to be impervious to sodium ions they are likewise im- 
pervious to calcium ions. Woodhouse and Pickworth (1932) have reached a 
similar conclusion. They found that caleium did not pass into the corpuscles 
of sheep blood in contact with calcium chloride solution. The corpuscles were 
previously washed with isotonie¢ saline. Cowie and Calhoun (1909), Hamburger 
(1909), and Hérhammer (1912) maintain, however, that calcium may be washed 
out from corpuscles with isotonic salt or sugar solutions, and (Hamburger) may 
later re-enter the cells if they are placed in solutions containing ealcium chloride. 
It has been found impossible to reconcile these contrary opinions. Hamburger’s 
results, although open to some criticism as regards the method of calcium deter- 
mination, appear to place beyond doubt the conclusion that, under the conditions 
adopted by him, the corpuscles were permeable to calcium ions. <A _ possible 
explanation of the conflicting results may be found in Winokuroff’s (1929) 
observation that corpuscles subjected to incipient haemolysis, which were sub- 
sequently plasmolyzed with saline, had lost their selective permeability to anions 
and kations. It would therefore appear that undue manipulation and successive 
transference of corpuscles to solutions of varying tonicity may give rise to 
anomalies in the selective permeability of the cells to any particular ion. The 
conclusion reached in the present paper, that the corpuscles are impervious to 
calcium ions, is based on the simple observation that they behave in the same 
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way in solutions of sodium chloride and calcium chloride respectively when 
these solutions are of the same osmotic pressure. 


SUMMARY. 


The distribution of calcium between the plasma and erythrocytes of the ox, 
sheep, pig, and man has been investigated. The blood corpuscles of the pig and 
man are devoid of calcium, while those of the ox contain an amount averaging 
6-1 mgs. Ca per 100 ¢.c. of corpuscles. Sheep blood may or may not contain 
appreciable calcium in the corpuscles. 

The computation of the amount of calcium in the corpuscles is shown to 
depend on the analytical procedure to a considerable extent, and the methods 
commonly used for calcium estimation are reviewed. 

The accuracy of determining the ratio of the volume of the corpuscles to 
that of the plasma by means of the haematocrit is discussed. 

The blood corpuscles of the sheep, ox, and man are shown to be impermeable 
to calcium ions, 
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Andrews (1926), as the result of experiments on the dog, contended that 
when the alkali reserve of an animal was below a certain critical level, i.e., below 
the level at which water could be withdrawn from the tissues by infusion with 
hypertonic saline or glucose solutions, the reserve water was no longer ‘‘free, but 
was firmly bound to the tissue colloids.’’ He concluded that, if in an animal 
this reserve water could be set free rapidly enough by raising the alkali reserve 
above the critical level, the amount of water so set free could not eseape rapidly 
enough by the kidney, and oedema, especially evident in lungs and brain, would 
result. 

We are reporting elsewhere an experimental investigation designed to carry 
the work of Andrews a stage further. The correlation between alkali reserve and 
water loss, using 5% saline to infuse the intact animal, was shown to be a linear 
one, and the muscles were demonstrated to be the main seat of water retention or 
loss in such experiments. 

Having established the critical values for blood alkali reserve for the rabbit, 
a series of experiments were conducted with the object of precipitating the acute 
conditions reported by Andrews. Since the past two years’ work has indicated 
the need for some modifications in technique these are included, as well as such 
details of animal management as were found to be essential to the reproduction 
of a concordant set of results. 

Animals. Male rabbits were used to avoid cyclical metabolic changes. They 
were fed during the previous week on wheat and dried lucerne, and the minimum 
amount of water as determined by trial. The latter condition has been found 
to be essential in these experiments. 

Alkali Reserve. The method of Campbell and Poulton (1923) was employed. 
Whole blood was equilibrated with alveolar air at 38° for 30 minutes. Dupli- 
cate determinations of CO. were made on 0-2 ¢.c. samples in a Van Slyke mano- 
meter (1929). The plasma CO. content was determined from the whole blood 
CO. by the relationship. y = log. 0-051 « + 4-6 where y = plasma CO. and 
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x = whole blood CO.. This method possesses two advantages over that using 
plasma alone: (a) CO. equilibrium is attained in the presence of corpuscles, thus 
simulating in vivo conditions; (b) One-half the amount of blood is required. 
The average variation of individual analyses from the mean was 2%. 

Blood Iron. Smirk’s oxidation method (1927) does not remove all traces of 
pigment, but the addition of either 1 ¢.c. N/1 KMnQOy, in N/1H» SOq, or 2 ec. 
H.O. (10 vols.) after oxidation with concentrated HNO, and ammonium per- 
sulphate, does. There is no loss from spattering. The accuracy of the method 
was raised to approximately 0-5%. An attempt to substitute the Prussian blue 
reaction as a basis for colorimetric estimation of iron failed, owing to variations 
in dispersion of the colloid pigment, despite the maintenance of constant condi- 
tions and the presence of a protective colloid (gelatine). 

Corpuscular Vol. Smirk’s haematocrit method (1928) was employed. 

Muscle Chloride. Smirk’s micro method (1927) was used. 

Duplicate analyses were made on dried samples, results being expressed as 
mgs. NaCl per 100 grms. wet muscle. Individual results varied from mean of 
duplicates from 10% to 30%. This is probably due to the varying vascularity, 
the amount of chloride introducing an error. 

Muscle Tissue Water. Duplicate samples of pectoral muscle were dried at 
105°C. in a hot air oven. 

Urinary Chlorides. Estimations were made on three samples: (1) Urine 
passed in first 45 minutes; (2) second 45 minutes; (3) until cessation of diuresis. 
Total chlorides by summation. 

Liver Water. The value for water in the liver of the rabbit was taken from 
Skelton’s (1927) paper as being the same as for muscle-water in the rabbit. 


EXPERIMENTAL. 

Acidosis was first established by the administration per os of 2% HCl or 
10% NH,Cl (5-10 ¢.c. per kg., generally 24 hours before experimentation. Blood 
for estimation of CO. content was taken from the marginal vein of the ear, and 
muscle tissue was taken from the lumbar region under local larocain anaesthesia 
of the skin and subcutaneous tissues. This was followed by injection into the 
same vein of 16-20 ¢.c. 10% NaHCO, solution. After a lapse of 30 minutes 
further blood and muscle samples were taken, the latter from the opposite side to 
the first specimens removed. The bladder contents were then expressed. In no 
instance was the injection of bicarbonate followed by any symptoms of distress. 
The accompanying protocols indicate, except in the case of Experiment 30, the 
absence of any marked change in water distribution such as was found in 
Andrews’ experiments. 

The first two experiments were conducted along the same lines as those in 
which the relationship between alkali reserve and amount of reserve water was 
studied. The rabbit, narcotized with paraldehyde, with ether as a preliminary 
supplementary anaesthetic, was continuously injected with 5% NaCl made up in 
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N/20 HCl at the rate of 25 ¢.c. per kg. of body weight per hour for 90 minutes. 
The alkali reserve was determined before and after the injection, and the urine 
secreted removed by a catheter; 20 ¢.c. of 10% NaHCOg solution was then in- 
jected intravenously. At the end of the first experiment the animal showed no 
effect from the rapid change in alkali reserve. The second animal died of respira- 
tory failure during the injection of bicarbonate when only 10 ¢.c. had gained 
access to the circulation. Post-mortem revealed pulmonary and _ possibly also 
liver oedema. Table 1 gives the analytical data. 


TABLE 1. 


Expt. No. 29 30 Expt. No. 29 30 
Blood Fe, 52-4 54-0 Blood 3efore injection 375 375 
Tron Fe. 37-3 50-2 Chloride After diuresis 738 725 
“me é hee Damani 363 35 
(Mgs. per 100 ¢.¢.) Fes 0-712 0.930 (Mgs. per Increase 36 350 
Fe, 100 e.e.) 
Corpuseular V; 43-0 46-0 Muscle Before injection 47 28 
Volume % Vs 31-0 42-9 Chloride After diuresis 55 107 
Vi 0-791 0.932 (Mgs. per After NaHCO, 76 gn 
V2 la ede 100 ¢.c.) 
Tissue Before injection 74-7 72-1 (Grms. NaC excreted 0-07 0-06 
Water After diuresis 71-4 72-9 per kg.) NaCl retained 1-79 1-85 
% After NaHCO, 69-0 70-9 Normality of urinary NaCl 0-189 0-108 


Fe,, Fes, and V;, V2 denote blood iron and corpuscular volume before injection and after 
diuresis respectively. 


The method was altered so as to avoid the use of anaesthetic, which in these 
animals predisposes to pulmonary oedema, and has been described in the earlier 


section of the present paper. Table 2 expresses the results obtained. 


TABLE 2. 


Muscle Change in 
Alkali Reserve. Cc, C., Water Tissue Water “%. Muscle Water 
Expt. Before After NaHCO, Urine Loss (c¢.c. Before After (c.c. per 100 
No. NaHCO,. NaHCOs. Injected. Passed. perkg.). NaHCO, NaHCOg. gms. muscle), 
Pl 34-4 65-5 20 15? +3 et a £2 
P2 41-5 54-5 16 28 7 72-9 73-8 +1 
P3 28-6 44-7 16 — — 70-4 72-1 +1-7 
P4 30-7 53-9 16 18 ] 70-4 70-8 +0-4 
P5 42-8 73-2 20 fewdrops +? 75-4 71-6 —3-8 
P6 45-6 53-1 18 few drops +? 73-5 73-5 nil 
P7 43-0 69-1 20 10 +0-6 71-2 70-8 0-4 
P8 41-5 54-9 18 16 +3 73-0 73-0 nil 
P9 44-0 71-9 30 nil nil =o — 


Although in these experiments the alkali reserve, prior to the injection of 
biearbonate, was well below the eritical level established for. the rabbit in our 
earlier work (47 ¢.c. COo% at 38°C.), there is, excluding Experiment 30, no 
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evidence of oedema. That found in Experiment 30 is open to criticism, as some 
pulmonary oedema resulted from the use of ether. Diminution of muscle water 
with definite blood dilution occurred. however, in Experiment 29, in which there 
was no oedema, and no change in muscle water in Experiment 30, in which pul- 
monary oedema did occur. 

A phenomenon of some interest and bearing upon the present problem 
occurred quite incidentally during the reeommencement of our work, towards the 
end of January, when the weather was unusually hot and dry. The first two 
rabbits, fed during the previous week on the preseribed dry diet and rather less 
than 90 ¢.c. of water per diem, were anaesthetized with the usual dose of paralde- 
hyde (1-6 ¢.c. per kg.), with ether as required. They were subjected to the usual 
operative procedure and technique, vet both animals died before the saline infu- 
sion was fairly started. Blood taken from one of the animals before death showed 
an alkali reserve of 18-2. It was subsequently discovered that the dieted rabbits 
required considerably more water than 90 ¢.c. per diem during this weather. 
From these facts it was inferred that the death of the first two rabbits was due to 
a marked toxie action of paraldehyde on excessively thirsty tissue in animals 
suffering from diminished water intake relative to climatie requirements. More- 
over, it would appear that tissue thirst or anhydraemia leads to lowering of the 
alkali reserve. This is supported by the work of Marriott (1923), and by the 
fact that in our preliminary work in 1931 it was noticed that the alkali reserve 
of the animals rose as the weather became colder. In the light of the present 
observations the prevalence of low alkali reserves in the hot months seems to be 
an automatic regulation whereby weter passing to the tissues, particularly if there 
is a water shortage, will become firmly ‘‘bound”’ to the tissue colloids. 


SUMMARY. 

1. Using the rabbit as experimental animal, eleven attempts have been made 
to eause oedema by rapidly and extensively altering the blood alkali reserve, so 
as to set free ‘‘bound’’ tissue water. In no instance could oedema of the lungs be 
attributed to this procedure alone. It is possible that the rabbit, being herbiv- 
orous, is not suitable for such experimentation. 

2. There is evidence that there are seasonal variations in alkali reserve of 
the rabbit which may be related to the altered water metabolism in winter and 
summer months. 
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INTRODUCTION. 


The earliest cytological examination of F; hybrids between wheat and rye 
was made by Kihara in 1924. The maturation divisions in the pollen mother 
cells were observed. As was expected, 28 chromosomes were present, 7 from the 
rve parent and 21 from the wheat. At meiosis the chromosomes were distributed 
very irregularly to each pole, no true metaphase plate being formed. One to 
three bivalents were seen, and this was interpreted as autosyndetic or self- 
pairing between wheat chromosomes. The mitotie division was also irregular, 
but not to the same extent as the reduction division. Laggards were common, 
and these often formed micronuclei in the tetrads. Similar observations were 
made by Thompson (1926) and Longley and Sando (1930). The F; hybrids are 
almost completely sterile. A few grains may set, however, and from these a 
small F. may be raised. A comprehensive cytological investigation by Zalensky 
and Doroshenko, covering six generations of wheat x rye hybrids, appeared in 
1925. Kihara’s observations on the F, were confirmed. Tripolar spindles were 
also observed in the F,, and cases of two separate spindles in the one cell. With 
sueceeding generations Zalensky and Doroshenko found that the hybrid popu- 
lation tended to segregate into three types: (1) a wheat-like type, (2) an inter- 
mediate type, and (3) a ryve-like type. As the plants tended to one or other 
parental type they became less variable, more fertile, and the chromosome 
behaviour became more regular. In 1927 Nickoleewa made a cytological analysis 
of F. wheat x rye hybrids. The diploid chromosome number of these hybrids 
varied from 44-72. The number of bivalents often exceeded 7, which was inter- 
preted as a ease of autosyndetie pairing between wheat chromosomes. The 
number of bivalents seemed to bear no relation to the degree of fertility of the 
plant. 

Melburn in 1929 made a critical examination of the prophase stages from 
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the point of view of chromosome behaviour in the absence of chromosome 
pairing. 

In 1929, Plotnikov, examining F, plants from spontaneous wheat x rye 
hybrids, found 42 to 49 somatie chromosomes. In 1931 Florell made extensive 
chromosome counts on wheat x rye hybrids up to the third generation, and on 
back-erosses with wheat. The gametic chromosome numbers of the F; ovules 
were found to vary from 19 to 28. In the back-crosses somatic chromosome 
numbers varied from 42 to 47. A chromosome difference was found between 
red- and white-kernelled plants, the former having 43 and 44 chromosomes and 
the latter 42. 

The material examined in this present study is all 5th and 6th generation 
material, and is remarkable for the low chromosome numbers found. In all pre- 
vious reports the haploid chromosome numbers varied from about 19 to 28, the 
commonest numbers being 22, 23, and 24. In the material reported here the 
haploid chromosome number is found to vary from 13 to 22, the commonest 
numbers being 17, 18, and 19. The lowest chromosome number observed by 
Florell (1931) was 18 bivalents plus 4 univalents, and this plant was very much 
reduced in size and almost completely sterile. Very little sterility was observed 
in my material, and, exeept for the occurrence of definite small dwarfs, the 
majority of the plants were of normal size. 


MATERIALS. 


The material used in the investigation originated from a cross made at Rose- 
worthy Agricultural College, South Australia, between Marshall’s No. 3 (T. 
vulgare) and New Zealand rye. The cross was made in 1925. One grain set, and 
this grain resembled rye. This was sown in 1926, and the resulting F, plant was 
very similar to rye, but was nearly sterile. Five grains set, of which only three 
grains germinated in 1927. One plant matured fifteen grains and the others were 
sterile. It is probable that a back-cross to wheat occurred in this year. Grain 
from each of the fertile plants was harvested, and sown in 1929 in eight separate 
rows. A number of heads from each of these rows were harvested and kindly 
forwarded to the Waite Agricultural Research Institute. South Australia, where 
the fifth generation was grown in 1930. The hybrid population in 1930 con- 
sisted of 253 plants, and was exceedingly variable in character. All the plants 
resembled the wheat parent much more than the rye. 

As was to be expected, all lines were segregating for the awned and awnless 
character. In addition a great variation was observed in the type of head pro- 
duced. All types, from long, lax, and tapering to dense club-heads were repre- 
sented. The main part of the population consisted of very variable plants inter- 
mediate in type between wheat and rye, although inclining more towards the 
wheat parent. One line, however, was much more uniform, and was very wheat- 
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like in appearance. Also, two plants appeared in 1930 which were long, lax, fully 
bearded, very spelt, and relatively rye-like. The seed from these two plants was 
sown in separate rows in 1931, and produced uniform long, lax, bearded plants. 
These plants were somewhat smaller than the average size. 

desides the two rye-like, very spelt plants, numbers of the plants of the 
intermediate type showed varying degrees of spelting. 

Many of the lines of intermediate type produced small, tussock-like, dwarf 
plants. The number of plants grown was too small to permit any conclusions as 
to the ratio in which dwarfs were oceurring. 

There appeared to be no correlation between dwarfing and spelting, or be- 
tween spelting and sterility. Of the 21 speltoids, 3 were dwarfs, and the re- 
mainder, i.e., 18, were normal tall; and of the 21, 2 were sterile; and of the 
remaining 19, 7 had plump grains, 7 had shrivelled grains, and 5 had inter- 
mediate, slightly shrivelled grains. The crop as a whole was fairly fertile. The 
main sterility occurred among the dwarfs. In the total crop of 253 plants, 15 
plants produced no heads. Of these 15, 12 were dwarfs and 3 were tall plants. 
Of the total crop, 10 plants produced heads, but these did not set grain. Of these 
10, 5 were dwarfs and 5 were tall plants. 


METHODS. 


Preliminary work to ascertain the exact stage in the growth of the ears, 
when the pollen mother cells were undergoing their maturation divisions, was 
carried out by means of Belling’s aceto-carmine method. The length of the ear 
at the right stage was found to vary from 14 in. to 2 in. In dealing with a very 
variable crop such as the wheat x rye hybrids deseribed above, the length of the 
ear is not always a reliable index of the required stage. Dwarfing, spelting, 
clubbing, very lax ears, ete., caused variation in the length of the head corres- 
ponding to the required stage of development of the pollen mother cells. These 
factors had to be taken into account as far as possible when collecting material. 
Variations in the size of the anthers at the right stage corresponding to the differ- 
ent head types were even found. 

Different stages may be observed in the individual anther, as well as in differ- 
ent anthers from the same flower. Contrary to most other observations, it was 
found that the cells towards the base and apex of the anther were often in a later 
stage than those in the middle, and those round the periphery of the anther in a 
later stage than those in the centre. The ears were dissected out from the leaves 
and fixed and preserved whole. The fixing fluids used were Carnoy’s fluid for 
subsequent examination with aceto-carmine, and Allen’s modification of Bouin’s 
fluid for subsequent examination, using Haidenhain’s iron alum haematoxylin. 
After washing, the material was transferred by stages to 70% aleohol, in which 


it was preserved until required, For preliminary examination Belling’s iron 
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aceto-carmine method was used, and for more critical work serial sections eut at 
10p and stained by the short schedule for iron alum haematoxylin. 


CYTOLOGY. 
The fifth and sixth generation hybrid population may be divided into: 
(a) Wheat-like types; 
(b) Rye-like types; which were also very speltoid ; 
(ec) Intermediate types; which ineluded the bulk of the crop, and which 
were exceedingly variable in character ; 


(d) The dwarfs. 


Cytological investigation aimed at (1) a general survey of chromosome 
behaviour in the hybrids; (2) an attempt to discover chromosome differences 
between tall and dwarf plants; (3) an attempt to interpret eytologically the 
wheat-like types, the rve-like types, and the speltoids. 

The following account of chromosome behaviour in the hybrids deals mainly 
with the bulk of the crop of intermediate type. Differences in the dwarfs, the 
rve-like types, and wheat-like types will be discussed later. 

The prophase stages of the meiotic divisions proved interesting in view of 
the fact that only a certain number of the chromosomes present had mates with 
which to form bivalents. The continuous spireme emerging from the first con- 
traction commenced to loop and twist in a manner similar to that deseribed for 
the rye parent (Gurney, 1931). In addition to the twisted bivalent loops, ends 
were seen which constricted off a length of spireme—presumably a univalent. In 
fig. 1, pl. 1, the bivalent spireme loops are shown condensing towards second 
contraction. Several univalents may be seen being constricted off. This would 
suggest that the unpaired chromosomes do not form a spireme separate from that 
of the paired chromosomes, but that all link up together in a common spireme, 
the difference being that during bivalent formation the unpaired spireme lengths 
form no loops. The appearance of the spireme loops is much more irregular than 
in the rye parent. 

Melburn (1929) examined the prophase stages of F, plants from a wheat x 
rye cross in which none of the chromosomes have mates, and observed no twisted 
bivalent loops at all. Univalent chromosomes were merely pinched off as spireme 
lengths. The condition in the fifth and sixth generation described above is, as one 
would expect, intermediate between the condition in the parents, where no uni- 
ralents occur, and the condition in the F,; plants, where no bivalents can he 
formed. The occasional autosyndetie pairing seen in the F, (Kihara, Thompson, 
ete.) seems to be too much a haphazard and inconstant phenomenon to have its 
origin in the spireme. 

The twisted spireme loops condense into a knot—second contraction. This 
knot is fess compact than in the pure parents, and masses of chromatin may re- 
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main separate from it or connected only by a strand of chromatin (fig. 2, pl. 1). 
Second contraction would seem to be really the culmination of that urge whereby 


homologues conjugate. Univalents would thus have no object in taking part in 
the contraction, and they remain on the outskirts of the knot. 

The knot opens out to give the diakinesis stage, when bivalents and uni- 
valents can be clearly distinguished (fig. 3, pl. 1). The bivalents lie side by side 
or, more usually, are attached at one end, forming ring- or scissor-shapes. Uni- 
valents appear as slender single chromosomes, or as roundish blobs. Third con- 
traction appears to be normal, and this opens out to give the metaphase plate. 
The metaphase plate, seen in side-view, appeared very irregular in most cases, and 
proved a fruitful source of information. Its irregularity was due to the number 
of univalents present znd to the mixture of wheat and rye bivalents. The irregu- 
larities may be classed as follows: 

(a) Irregular lining up of bivalents on the plate. (b) Bivalents sometimes 
failing to come to the plate at all, and remaining out towards the periphery. (c) 
Univalents remaining scattered outside the plate. (d) Univalents overlying and 
mixed in with bivalents on the plate. (e) Univalents attaching themselves to 
bivalents by a thin strand of chromatin, forming trivalents and, in some cases, 
tetravalents. 

Fig. 4, pl. 1, shows an irregular metaphase plate in which six univalents are 
present. One, at the lower left-hand corner of the plate, may be seen lying well 
away from the plate, while the other five have grouped themselves irregularly at 
the top end of the plate. In the lower right-hand corner may be seen a bivalent 
which has failed to line up. Its shape is more like those seen at diakinesis. In 
fig. 5, pl. 1, a more regular type is seen. The bivalents are all arranged on the 
plate. Three univalents are seen, two lying off the plate and one overlying a 
bivalent near the centre of the plate. In addition, a univalent has attached itself 
to a typical E-shaped wheat bivalent at the left end of the plate to form a tri- 
valent. In fig. 6, pl. 1, a tetravalent may be seen at the right end of the plate, a 
possible trivalent, and a univalent lying well off the plate. 

Certain characteristic wheat bivalents and rye bivalents may be distinguished 
in the hybrid metaphase plates at meiosis. It is possible to distinguish with cer- 
tainty only the more characteristic bivalents of wheat and of rye. In text fig. 1 are 
shown four characteristic wheat bivalents, lettered a, b, ¢, d. Their typical 
positions in the wheat metaphase plate are shown in the drawing of the metaphase 
plate of Marshall’s No. 3 (fig. 18, pl. 1). The seven bivalent chromosomes of rye 
were illustrated in a previous paper (Gurney, 1931). It is interesting to find that 
the positions on the plate in which these chromosomes are seen in the hybrids 
correspond in most cases to the positions which they normally occupy in the 
parents, except in cases where, say, two end-position chromosomes occur in one 
hybrid metaphase plate. In such eases it would often appear that one or other of 
the end-bivalents is displaced, and remains off the plate altogether. 
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Referring back to fig. 4, pl. 1, the wheat bivalent (b) of text fig. 1, with its 
satellite attached, may be seen near the middle of the plate. Also wheat bivalent 
(c) may be seen towards the upper end of the plate. In fig. 5, pl. 1, wheat bi- 
valent (d) is seen on the left end of the plate, with a univalent linked to it, form- 
ing a trivalent. Wheat bivalent (¢) may also be seen in the typical position near 
the right end of the plate. In fig. 7, pl. 1, a metaphase plate is shown, in which 

wheat ‘bivalent (d) occupies its normal position at the 
right end of the plate, and rye bivalents VI and VII, 


which in the pure parent occupy a similar position, are 

displaced, and do not line up on the plate. Rye bi- 

valents VI and VII tend to keep together (Gurney, 
a 6 bt cd 


1931), and a number of cases were seen where they 
were displaced in this manner. Rye bivalent I is very 
’ close to its normal position at the left end of the 
Fig.1. Four typical and i : 
easily recognizable bivalents Plate. The other long, almost end-attached bivalent 
from the wheat parent, viz., in the centre of the plate is probably from the wheat 
Marshall’s No. 3. 
parent. 

Chromosome counts were nearly all made at heterotypic metaphase from the 
polar view. Details of these counts, and of counts of univalents seen not lined up 
on the plate, and of laggards at heterotypic and homotypic anaphase, are given 
in the tables in the next section. Fig. 8, pl. 1, shows a typical metaphase plate 
polar view from a normal tall plant. Nineteen chromosomes are present. No 
attempt was made to distinguish between univalents and bivalents in polar views 
of metaphase plates, as this was more easily done in side-view figures. At hetero- 
typic anaphase the bivalents go fairly regularly to the poles, but the univalents 
move off irregularly, many of them lagging behind at the centre plate. Owing 
to the irregular distribution of the univalents, the two daughter cells may differ 
by from 1 to 6 chromosomes, although a difference of one or two is more usual. 
The lagging univalents occasionally failed to be included in the daughter nuclei 
(fig. 9, pl. 1). This did not often occur in the heterotype divisions, and when it 
did the univalents were often reincluded in the homotype division figures. The 
homotypic metaphase plate was as irregular as that of the heterotype division, 
and about the same numbers of univalents were seen not lined up. At homotypic 
anaphase laggards were almost as frequent as at heterotype anaphase, but these 
failed more often to be included in the daughter nuclei. They remained in the 
cytoplasm, gradually degenerated, and were finally absorbed by the cytoplasm, 
being lost to the chromosome complex. Fig. 10, pl. 1, shows laggards in the homo- 
typic anaphase. Fig. 11, pl. 1, shows four laggards at homotype which have 
failed to be included in the daughter nuclei. Tetrads were occasionally seen in 
which one cell of the tetrad was devoid of protoplasmic contents. Fig. 12, pl. 1, 
shows a tetrad of this nature. Three lost univalents may be seen in the cytoplasm, 
two of which are already degenerating, and have lost their staining reaction. It 
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would appear that, where a large number of univalents is present, and chromo- 
some behaviour is irregular, univalent chromosomes are lost in successive genera- 
tions by lagging, or else find their homologue when fertilization occurs and cease 
to behave irregularly as univalents. 


DIFFERENCE IN CHROMOSOME NUMBER. 


In order to find out if there was any real difference in chromosome number 
between tall plants and dwarfs, a number of chromosome counts were made on 
three tall plants and three dwarf plants. It was necessary to make a number of 
counts as the number of chromosomes seen in pollen mother cells, even the same 
anther, was quite variable. It was necessary to obtain a range of counts in each 
case and compare these. 

It was found that whereas the chromosome counts in the tall plants varied 
from 15 chromosomes to 21, the counts in the dwarfs varied from 13 chromosomes 
to 18. These counts are set out in Table 1 below. 


TABLE 1. 


Chromosome counts on three dwarf plants and three tall plants from the same lint 
—counts made at heterotypic metaphase, polar view. 


Dwarf Plants. Tall Plants. 
Chromosome Number of Chromosome Number of 
number classes, cells counted. number classes. cells counted. 
: 2 15 1 

7 16 3 

15 10 17 5 
16 10 18 8 
17 3 19 7 
18 2 20 4 
21 2 

Total 34 Total 30 


To test whether these two frequency tables really represented a difference 
between tall and dwarf plants, the results were set out in a contingency table 
(Fisher, 1928). By this means one can tell whether it is legitimate to regard the 
two frequency tables as samples from different populations. The results are 
shown in Table 2 below. ‘ 

TABLE 2. 
Contingency Table for Number of Chromosomes in Tali and Dwarf Plants. 


Chromosome Number Classes. 


13 14 15 16 17 18 19 20 21 Totals 
Tall 0 0 1 3 5 8 7 4 2 30 
Dwarf 2 7 10 10 3 2 0 0 0 34 
Totals 2 7 11 13 8 10 7 4 2 64 
x? values in millions -0018 -0063 -0064 -0030 -0008 -0045 -0081 -0046 -0023 
37869 


= 37-12 = x2 





30 X 34 
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; Using Fisher’s Table of Values of x? corresponding to selected values of P, 
it is found that where there are eight degrees of freedom a value for x? of 37-12 
corresponds to a value of P much less than 0-01. The odds against such a differ- 
ence occurring purely by chance are greater than 99 : 1, so that there is some 
factor other than just chance producing the difference, the factor in this case 
being whether the plants are tall or dwarfed. 

Counts were also made on three tall plants from another line in which no 
dwarfs occurred. These counts varied from i7 to 21 chromosomes, and were 
practically the same as those shown above for tall plants. 

From these results it seems justifiable to conclude that the dwarfs had much 
lower chromosome numbers than the tall plants. Other differences between tall 
and dwarf plants will be discussed later. 

- A count was made of the number of univalents seen not lined up on the plate 
at heterotypic metaphase, in the dwarfs and in the tall plants. It was thought 
advisable to divide the tall plants for purposes of comparison into (a) plants 
from lines in which no dwarfs occurred, and (b) plants from lines which were 
segregating dwarfs. It was thought that some difference might be detected here. 
These counts are shown in Table 3 below. 


TABLE 3. 


Counts of the Number of Univalents seen not lined upon the plate at 
Heterotypic Metaphase. 


Tall plants not Tall plants 
segregating dwarfs. segregating dwarfs. Small dwarfs. 
Univalent Number of Univalent Number of Univalent Number of 
number cells number cells number cells 
classes. counted. classes. counted. classes, counted. 
0 14 0 8 0 32 
l 24 l 17 1 28 
2 19 2 24 2 19 
3 10 3 12 3 8 
4 6 4 9 4 1 
5 2 5 4 
i 6 1 6 2 
76 76 88 


From Table 3 it will be seen that although the number of univalents in the 
tall plants from lines segregating dwarfs is slightly greater than that from lines 
not segregating dwarfs, there is very little difference between them. Comparison 
by means of a contingency table shows that the value of P lies between 0-50 and 
0-70, so that the difference has no significance. A greater difference exists between 
tall plants and dwarfs, the dwarfs showing a predominance of cases in which no 
univalents, or only one or two, were observed. Statistical examination gives a 
value of P lying between 0-02 and 0-05, so that the difference between tall and 
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dwarf plants is quite significant. Presumably it is by the loss of univalents 


through lagging in the tall plants, as described above, that the low chromosome 
numbers of the dwarfs come about, and one would expect to find fewer univalents 
in the dwarfs. 

One would also expect to find fewer chromosomes lagging at anaphase in the 
dwarfs than in the tall plants. Counts were made comparing lagging in the tall 
and dwarf plants, and also a comparison of lagging at homotypic and heterotypie 
anaphases. The counts are shown in Table 4 below. 


TABLE 4. 


Lagging Chromosomes in Tall and Dwarf Plants seen at Heterotypic and 
Homotypic Anaphase. 


Tall Plants. Dwarf Plants. 
Heterotype. Homotype. Heterotype. Homotype. 
No. of No. of No. of No. of 
No. of cells No. of cells No. of cells No. of cells 
laggards. counted. laggards. counted. laggards. counted. laggards. counted. 

0 30 0 2 0 60 0 66 

] 16 ] 12 1 14 1 8 

2 14 2 16 2 2 2 3 

3 9 3 4 3 1 — 

4 5 4 3 = 77 

§ 2 — 77 

6 1 77 

af 


Comparing the amount of lagging in tall and dwarf plants at heterotypic 
anaphase, it will be seen from Table 4 that the number of laggards seen in the 
dwarfs is very small. Statistical examination of the difference shows that it is 
quite significant, the value of P being less than 0-01. There also seems to be less 
lagging at the homotypic anaphase in the tall plants than at the heterotypic. The 
difference here is of doubtful significanee, the value of P lying between 0-30 and 
0-50. 


Summing up the information obtained from these counts we find : 


(a) That the dwarfs constantly have a lower haploid chromosome number 
than the tall plants. (b) That in the tall plants there are more univalents pre- 
sent which do not line up on the metaphase plate than in the dwarfs, and that 
there seems to be no difference in this respect between tall plants from lines segre- 
gating dwarfs, and tall plants from lines in which no dwarfs occur. (¢) That 
laggards are more frequent and are present in greater number in the tall plants 
than in the dwarfs. (d) That there is probably no difference in the amount of 
lagging occurring at heterotypic anaphase and at homotypic anaphase. 
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DESCRIPTION OF PLATE. 


Fig.1. Spireme condensing towards second contraction, forming bivalent loops, and 
pinching off univalents. 


Fig.2. Second contraction, with a mass of chromatin consisting of univalents, remain 
ing apart from the main knot. 


Fig. 3. Diakinesis, showing bivalents and univalents. 


Figs. 4, 5, 6, and 7. Irregular meiotic metaphase plates (full description in the text, 
pp. 8 and 9). 

Fig.8. Heterotypic metaphase plate from a tall plant, polar view showing 19 chromo 
somes, 

Fig.9. Heterotypic telophase, showing two chromosomes left out of the daughter nuclei. 

Fig.10. Homotypie anaphase showing lagging univalents. 

Fig.11. Homotypic telophase showing four chromosomes lost from the chromosome 
complex. 

Fig.12. Tetrad with one non-protoplasmic cell, and three lost chromosomes, two of 
which have commenced to degenerate. 

Fig. 13. Heterotypic metaphase plate from a dwarf showing 14 chromosomes. 


Figs. 14, 15, and 16. Very irregular heterotypic metaphase plates from dwarfs (full 
description in text, pp. 14-16). 

Fig.17. Heterotypic metaphase plate from a rye-like plant. Rye-bivalents pre- 
dominate. 

Fig. 18. Heterotypic metaphase plate from the wheat parent. 


Fig. 19. Heterotypic metaphase plate from a wheat-like plant. Wheat-bivalents pre- 
dominate. 
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DIFFERENCES OTHER THAN CHROMOSOME NUMBER IN THE 
DWARFS. 

In fig. 13, pl. 1, is shown a typical heterotypic metaphase plate from a dwarf 
plant having 14 chromosomes. 

Although in the side-view of the heterotypic metaphase plate in dwarfs it is 
rare to see univalents which are not lined up on the plate (see Table 3 above), 
but in some cases univalents are seen to be present at the end of the plate. These 
univalents tend to link up with one another by strands of chromatin, or else to 
link on to bivalents forming trivalents and even tetravalents. From one to four 
of these univalents were observed at one end of the plate. They were variously 
shaped, and their appearance is distinct from the normal bivalents which have 
conjugated during second contraction. They appear to have merely attached 
themselves in a chain for the metaphase plate stage. Figs. 14, 15, and 16, pl. 1, 
show interesting metaphase plates from dwarfs. In fig. 14 a chain of 4 univalents 
is clearly seen at the right end of the plate. A univalent attached to a bivalent 
may be seen near the left end. Rye chromosomes VI and VII occupy their charae- 
teristic end position on the left. In fig. 15 three univalents are grouped at the 
right end of the plate. The upper two of these appear to be attached, while the 
lowermost is probably merely overlying. A V-shaped univalent is seen not lined 
up on the plate, and a trivalent occurs near the left end. In fig. 16 a tetravalent 
may be seen second from the left end. Two univalents have attached themselves 
by thin strands of chromatin to a typical bivalent. On the right end of the plate 
is wheat bivalent (¢), with a univalent lying on top. Rye bivalent I may be seen 
on the left end of the plate with another bivalent lying over it. 

Apparently, although none of these univalents have homologues present, they 
have a sufficient affinity for one another to respond to the conjugating urge by 
linking up in a sort of loose union. Also some of the univalents have sufficient 
affinity with bivalents to attach themselves to them. As those univalents with the 
least affinity for the other chromosomes present would tend to be the most irregu- 
lar in behaviour they would also tend to be the first to be eliminated in the tall 
plants by lagging and subsequent loss. One would therefore expect to find less 
irregularity in lining up on the plate at metaphase in the dwarfs than in the tall 
plants. Occasional trivalent formation was seen in the tall plants, but the pro- 
perty of univalents linking up in a chain seems to be characteristic of the dwarfs. 

An attempt was made to see if the presence of rye chromosomes in greater 
number, or vice versa, could be correlated with dwarfing. However, both wheat 
and rye chromosomes were distinguished in the tall plants as well as in the dwarfs, 
and it was not possible to correlate an excess of one over the other with dwarfing. 

THE RYE-LIKE TYPE. 

An examination of a number of heads from three of the rye-like plants re- 
vealed no difference in the chromosome numbers from the ordinary tall plants of 
the intermediate type. The counts are given below in Table 5. 
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TABLE 5. 

Chromosome Counts from Plants of the Rye-like Type. 
Counts made at Heterotypic Metaphase. 


Chromosome Number of cells 
number classes. observed. 

16 l 
17 5 
18 7 
19 , 
20 l 

17 


Although there was no difference in chromosome number between inter- 
mediate and rye-like types, it was at once evident that there was a predominance 
of characteristic rye chromosomes present in the latter. In fig. 17, pl. 1, is shown 
a metaphase plate from a rye-like plant. Rye chromosomes VI and VII can be 
seen on the left of the plate. These two chromosomes were almost invariably 
present. Rye chromosome I was also present in the vast majority of cases. In 
many two rye bivalent |’s were present. On the extreme right of the plate in 
fig. 17 one rye bivalent | may be seen, and another sixth from the left. End- 
attached rye bivalents II and Ill were also present in many cases. They may be 
seen in fig. 17, fifth and eighth from the left end respectively. They are shorter 
than the end-attached chromosomes in the wheat parent, and thinner. Wheat 
bivalent (¢) may be seen second from the right, in characteristic position. 

Thus, of those wheat and rye chromosomes which it was possible to recognize, 
there occurred a predominance of rye chromosomes in the rye-like types exam- 
ined. Of course there are a large number of chromosomes which it is not possible 
to distinguish as belonging to one or other of the parents. There is no alternative 
but to regard those chromosomes which one can recognize as representative 
samples. It seems significant that in the rye-type, with a number of observations, 
of the four recognizable wheat chromosomes, only one was seen, whereas of the 
five recognizable rye chromosomes all five were seen. 

The occurrence of two rye chromosome I’s is interesting, in view of the fact 
that the plants examined were all very spelt. This aspect will be returned to in 
the discussion below. 

THE WHEAT-LIKE TYPE. 

Chromosome counts on several plants of wheat-like type showed that the 
numbers observed were less variable and slightly higher than those seen in the 
intermediate types. The counts varied from 20 to 22 chromosomes, about equal 
frequencies being observed in these classes. 

The recognizable wheat chromosomes were predominant, a rye chromosome 
only being seen oceasionally. In fig. 18, pl. 1, a metaphase plate of the wheat 
parent, Marshall’s No. 3, is shown. Wheat chromosomes (a), (b), (¢), and (d) 
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(text fig. 1) may be seen in characteristic position. In addition, three long end- 
attached chromosomes may be seen. These are longer than the two end-attached 
chromosomes II and III in rve (text fig. 2). Fig. 18 may be compared with fig. 
19, pl. 1, a metaphase plate from a wheat-like type. Wheat chromosomes (a), (b), 
(ec), and (d) are easily distinguished. The two end-attached chromosomes are 
probably, from their length, wheat chromosomes. No rye chromosomes are dis- 
tinguishable. Rye bivalent I was occasionally seen in the wheat-like types, but 
in all cases wheat chromosomes predominated. 


DISCUSSION. 


From the account given above it would appear that wheat chromosomes and 
rye chromosomes can exist together in perfect harmony in the same nucleus. 
Irregularities of behaviour seem to be entirely due to the presence of unpaired 
univalents. As these become reduced in number by lagging and by finding their 
homologues in succeeding generations, behaviour becomes more regular, and the 
plant tends more and more towards one or other of the parents. In the present 
study the plants were all more wheat- than rvye-like, a fact attributable to the 
occurrence of a back-cross to wheat in the F. generation. A further example of 
the harmony existing between wheat and rye chromosomes is seen in the constant 
fertile wheat x rye hybrid obtained by Lewitsky and Benetzkaia (1931). These 
hybrids, being amphidiploids, have no (or very few) unpaired univalents present 
to cause irregularity, and the two sets of chromosomes produce a constant fertile 
plant exhibiting a mixture of characters from the two parents. 

It would be expected, with such low chromosome numbers, that the percent- 
age of sterility would be high. Asa matter of fact it was quite low. In pentaploid 
wheat hybrids it has been established (Kihara, 1924; Watkins, 1924) that, where 
there are seven chromosomes from one parent which find no homologues among 
the chromosomes from the other parent, if a complete set of seven is present before 
any pairing takes place between this seven, then the combination is fertile, but 
if pairs are formed without all seven being present, then the combination is 
usually sterile. In this case 14 chromosomes from the T. dicoccum parent pair, 
with 14 from the 7. vulgara parent, and 7 vulgara chromosomes, are left unpaired. 
In the ease of the wheat x rye hybrid at first none of the chromosomes have pairs, 
as none of the rve chromosomes are homologous with any of the wheat. Chromo- 
somes move off at random to the poles, so that in the gametes approximately half 
the wheat and half the rve chromosomes are found. Upon fertilization some pairs 
are formed, but obviously a complete set of either wheat or rye chromosomes is 
not present. Jn later generations more pairs are established, but with only 18 
chromosomes present the complete set of wheat chromosomes is certainly not 
present, and it is unlikely that the complete set of rye chromosomes is often 
present. Thus the theory of fertile and sterile combinations does not seem applic- 
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able to wheat x rye hybrids. Sterility seems, to some extent, to be associated with 
the dwarfs, which are also associated with a very low chromosome number. Appar- 


ently the very poor vegetative growth made by the dwarfs in some cases inter- 
feres with head formation. If the chromosome number is reduced beyond a cer- 
tain point there must come a time when growth is inhibited purely through a lack 
of the necessary interacting genes. 

Dwarfing is usually considered to be dependent upon a complex system of 
interacting Mendelian factors. Cytological irregularities which modify the ex- 
pected ratios have been observed by Thompson (1928) and Goulden (1926) 
Waldron (1924) was unable to find a Mendelian scheme to fit his ratios without 
postulating a mutation of a gene for dwarfness to one for normal. 

Tt has been shown that in the material used in this study dwarfing is associ- 
ated with low chromosome numbers. Lower chromosome numbers might cause 
dwarfing in two ways: (1) by mechanical loss of a chromosome, or chromosomes, 
bearing factors inhibiting the normal expression of the dominant dwarfing factor ; 
or (2) by chromosome, or gene, deficiency, insufficient of the necessary interacting 
genes being present to permit of normal growth. Chromosome deficieney in more 
delicately balanced chromosome systems usually causes sterility, but in sueh an 
adaptable combination as the wheat x rve hybrids appear to be, it is quite con- 
ceivable that a gene deficiency may merely result in dwarfing, and allow of the 
production of fertile heads. 

Mention has been made of the fact that a large number of the hybrid plants 
showed various degrees of spelting. Huskins (1928-29) has demonstrated that 
spelting may be traced to chromosome aberration (loss or addition of a chromo- 
some), and this chromosome has recently been identified by Phipps and Gurney 
(1932) as the one bearing one of the genes for awnedness. In hybrids, where so 
many chromosomes have been lost, and where the occurrence of trivalents proves 
the presence of additional homologues, one would thus expect to find a fair pro- 
portion of speltoids. 


SUMMARY. 


1. Plants from the fifth and sixth generation of a wheat x rye cross were 
examined cytologically. The great variability of the material necessitated a 
number of chromosome counts, and these ranged from 15 to 21 chromosomes in 
the tall plants. and from 13 to 18 chromosomes in the dwarfs, the counts being 
made at meiotic metaphase. 

2. In the prophases a certain number of twisted loops were seen, and also 
univalents, which were merely constricted off spireme ends. The univalents 
tended to remain outside the second contraction knot. 

3. The metaphase plate stage and subsequent anaphase were very irregular, 
the irregularities consisting of univalents and bivalents failing to line up on the 
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plate, univalents attaching themselves to bivalents to form trivalents, and even 
tetravalents, univalents lagging and failing to be included in the daughter nuclei. 

4. In addition to the lower chromosome number in the dwarfs, there were 
fewer univalents which did not line up on the plate at metaphase, and the number 
of laggards was smaller. In the dwarfs, however, what univalents were still pre- 
sent frequently linked up with one another to form a chain at one end of the 
plate. 

5. The hybrids, though all more wheat-like than rye-like, could be divided 
into (a) intermediate very variable type, (b) more stable wheat-like type, and 
(ec) rye-like and also very spelt type. 

6. The rye-like type showed a predominance of typical rye bivalents. 

7. The wheat-like type showed a predominance of the recognizable wheat bi- 
valents, and also had chromosome numbers ranging from 20 to 22. 

8. It is suggested that dwarfing may be caused by chromosome deficiency, as 
well as by Mendelian factors, the dwarfing in the former case occurring in no 
constant ratio. 

9. The occurrence of spelting in the hybrids may be related to the trivalent 
formation frequently seen. 


ACKNOWLEDGEMENTS. 


The writer wishes to thank the authorities of Roseworthy Agricultural Col- 
lege for kindly providing the material for study, and also wishes to express his 
gratitude to Dr. I. F. Phipps for much advice and helpful criticism during the 
course of the investigation. 


REFERENCES. 


Fisher, R. A. (1928): Statistical Methods for Research Workers. London. 
Florell, V. H. 1931): Journ. Agric. Res., 42, p. 341. 

Goulden, C. H. (1926): University of Minnesota Agric. Exp. Sta. Bull. 33. 
Gurney, H. C. (1931): Austral. Journ. Exp. Biol. and Med. Sci., 8, p. 241. 
Huskins, C. L., (1928-29): Journ. Genetics, 20, p. 103. 

Kihara, H. (1924): Mem. Coll. Sci., Kyoto Imp. Univ., Ser. B, pt.:i, p. 1. 
Lewitzky and Benetzkaia (1931): Bull. Appl. Bot. Genet. and Pl. Breeding 27 (1), p. 241. 
Longley and Sando (1930): Journ. Agric. Res., 40, p. 683. 

Melburn, M. C. (1929): Canadian Journ. Res., 1, p. 512. 

Nikolewa, A. G. (1927): Abstract in Bot. Abst., 15, p. 90. 

Phipps and Gurney (1932): Austral. Journ. Exp. Biol. and Med. Sci., 10, p. 215. 
Plotnikov, T. V. (1929): Trudy. Nauch. Inst. Selek., 2, p. 203. 

Thompson, W. P. (1926): Genetics, 11, p. 317. 

Thompson, W. P. (1928): Trans. Roy. Soc., Canada (Biol. Sei.), 22, p. 335. 
Waldron, L. R. (1924): Geneties, 9, p. 212. 

Watkins, A. E. (1924): Journ, Genetics, 14, p. 129. 

Zalensky and Doroshenko (1924-25): Bull. Appl. Bot. and Pl. Breeding, 14, p. 185. 


























THE PHYSIOLOGY OF XEROPHYTISM IN 
AUSTRALIAN PLANTS 


CARBOHYDRATE CHANGES IN THE LEAVES OF SCLEROPHYLL PLANTS 


by 


J. G. WOOD 


(Department of Botany, University of Adelaide, South Australia). 
(Submitted for publication 10th February, 1933.) 


INTRODUCTION. 


Modern work has suggested that the xerophytie idea has been a generaliza- 
tion based on insufficient data. In place of the structural features, once accepted 
as determining xerophytes, and which it has now been shown do not materially 
reduce transpiration (thick cuticles, sunken stomates, hair development, ete.), 
a new set of criteria have been advanced as the distinguishing characters of 
xeromorphs. 

Maximov (1929), in discussing these plants, states: ‘‘ Anatomically there is 
a decrease in the size of all cells, including stomates, a thickening of cell walls, a 
strong development of palisade mesophyll, a denser network of veins, and an 
inerease in the number of stomates per unit area. Physiologically there is an in- 
crease in the intensity of transpiration and assimilation, in osmotic pressure, and 
in the capacity to endure wilting. 

‘*Of the essential factors inducing a xeromorphic structure must be men- 
tioned solar radiation, and a water deficit in the leaves leading to the deflection 
of water from the embryonic tissues. This shortage of water does not permit of 
the normal development of the cells during the so-called ‘stretching growth,’ or 
period of cell enlargement. The cell walls cease to expand comparatively early 
and proceed to become thicker. The result is the production of smaller cells with 
thicker walls. This decrease in cell size leads to other structural peculiarities, e.g., 
a denser network of veins, smaller leaves, and so on. Intense radiation induces 
the cells of the chlorenchyma to grow perpendicularly to the leaf surface, thereby 
converting potential spongy mesophyll into palisade tissue. This results in an 
increase in assimilatory tissue. At the same time the increased number of 
stomates allows of more rapid transpiration per unit area.’’ 

Maximov’s concept of the basis of drought resistance as the capacity to 
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endure permanent wilting is unimpeachable and an important contribution to the 
study of xeromorphy. But at the beginning of a new era in the formulation of 
xeromorphie structure, the new criteria which have been proposed must be exam- 
ined critically, since many of them have been accepted without question. 

In the first place, the new criteria have been developed from a comparison of 
the anatomy of the upper and lower leaves of annual or mesophytie plants, and 
by an ad hoc argument transferred to xeromorphs generally. In individual species 
—whether of mesophytie or of xerophytie plants—the number of stomates per 
unit area, for example, increases with the height of insertion of the leaf on the 
stem. This increase in part is due to incomplete expansion of the developing 
leaves. 

Wood (1933) has shown that when the group of sclerophyll plants of the 
Eucalyptus forests in South Australia is considered as a whole, the mean stomatal 
frequency is not significantly greater than that in any other community of plants 
from desert, tropical, or temperate regions. There is also extreme variation 
within the selerophyll group of stomatal frequency and of pore size. One cannot 
therefore apply stomatal variation as a criterion for xeromorphie structure. 

Comparisons of the results of Stoeker (1932), Firbas (1931), Pisek and 
Cartellieri (1932), von Gutenburg (1927), Schratz (1931), and Wood (1933), on 
the transpiration rates of xerophytie. mesophytie, and shade plants from such 
diverse habitats as Swedish Lapland, Germany, the Tyrol, the Mediterranean 
region, Arizona, and Australia, show that the mean transpiration per unit area 
is the same in all these plants (viz., 1,500—2,000 mgs. per sq. dem. per hour). This 
disposes equally with the older view that xerophytes have a reduced transpiration 
rate compared with other plants and with Maximov’s contention that they have 
an inereased one. The succulent and semi-sueculents alone form a special class 
with a low absolute transpiration rate (Wood, 1933). 

Similarly with regard to earbon assimilation, Harder, Filzer, and Lorenz 
(1932) and Wood (1932) have shown that in xeromorphs the amount of assimi- 
lation under conditions of intense insolation is considerably less than that of 
mesomorphiec plants. 

There remains to consider, therefore, the main contention that a water deficit 
in the expanding leaves does not permit of normal cell enlargement, and conse- 
quently the cell walls beeome thicker and changed in composition. It is true that 
turgor changes during the period of cell enlargement could bring about a result 
such as this. 

The experimental evidence in support of this thesis has been derived mainly 
from annual plants, and usually summer annuals, under conditions which are not 
comparable to those which occur, for example, in sclerophyll plants. In current 
literature it seems to be implied, if not explicitly stated, that during the growth 
period of xeromorphie plants the leaves are subjected to high-tension of meteoro- 
logical factors. This is not so with plants of the sclerophyll forests of Southern 
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Australia. On the contrary, growth commences and the foliar organs attain their 


mature size and structure in the great majority of cases during the wet winter 
months. During these months the ground in the sclerophyll forests is saturated 
with water, the rainfall exceeds the evaporation to a considerable degree, the mean 
relative humidity is high, and the mean temperature low (Adamson and Osborn, 
1924; Wood, 1930). 

Yapp (1929) has suggested that the developing leaves show a water deficit. 
Apart from the inaccuracy of expressing water content based on fresh weight of 
the leaves, examination of his figures shows that the range of variation is small. 
Our own results, consisting of some hundreds of determinations of water content 
in developing phyllodes of Acacia pyenantha and leaves of Hakea ulicina of diff- 
erent ages, show a simple scatter arrangement fluctuating about a mean. In no 
case was any lack of turgor observed in the eells. 

Further, the sclerophyll type in Australia is not confined to the southern 
regions with a Mediterranean climate. but oceurs also in eastern New South Wales 
and in Queensland. where the rainfall shows a summer maximum, and in which 
rainfall exceeds evaporation during each month of the year. It appears, there- 
fore, that a water deficit is not the factor causing xeromorphie characters in 
sclerophyll leaves, and an investigation was undertaken to determine the under- 
lying carbohydrate metabolism of these leaves. in the hope that this might shed 
some light on the problems of structure. 

The Australian xeromorphie flora falls into two well-defined classes: the 
sclerophyll type and the tomentose succulent type. Anatomically the character- 
istie features of the sclerophyll leaf are the high degree of lignification of tissues 
and of eutinization of the epidermis. The tomentose succulent leaf shows neither 
of these features, but has thin-walled cells. Both types show drought-resistant 
features. Wood (1932) has shown that in the latter the mechanism of drought 
resistance is due to a diversion of the normal carbohydrate flux resulting in pen- 
tosan formation. 

The leaf-form of the southern Australian sclerophyll plants falls broadly into 
three classes (Adamson and Osborn, 1924): (1) the broad sclerophyll, as in 
Eucalyptus spp., Acacia phyllodes; (2) the ericoid, as in Epacridaceae and many 
Podalyrieae ; and (3) the needle-like leaves of some Proteaceae, and especially in 
the genus Hakea. Growth of the broad selerophyll and ericoid leaves commences 
in April-May, with the onset of the cold season. Only a few species, chiefly Hakea 
spp., commence growth later, in October and November. In the first two groups 
flowering immediately follows the elongation of the shoot rudiments, but in the 
needle-leaved types flowering precedes leaf and shoot production. 

As a type of the broad sclerophyll group Acacia pycnantha Benth. was selec- 
ted, and of the needle-leaved tvpe Hakea ulicina R. Br. Both these species are very 
common constituents in the shrub stratum of the forests. 
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METHODS. 


All analyses were made on leaves gathered from two plants growing naturally in the 
forest near Adelaide. 

The water content was determined immediately after picking, and expressed as percentage 
of the fresh weight. 

Sugars were determined directly after picking by Somogyi’s (1926) modification of the 
Schaffer-Hartmann method. One gram of the fresh leaves was extracted with two lots of 
95% aleohol for 6 hours and, after evaporation to dryness, taken up in water. Disaeccharides 
were determined after hydrolysis of a portion of this solution with 1% HCl for 3 hours; and 
polysaccharides (starch and hemicellulose) by hydrolizing the residue from the alcohol extrac 
tion with 1% HCl for 3 hours. Pentosans were estimated by conversion into furfural 
phloroglucide (Tollens, 1910). This includes furfural from polyuronie substances such as 
hemicellulose. 

The constituents of the cell walls—‘‘crude fibre’’ of the agriculturists—were determined 
in the residue obtained after preliminary extraction with acetone of the oven-dried and ground 
material, and subsequent hydrolysis with 1% acid. Cellulose was estimated by Dore’s (1920) 
modification of Sieber and Walter’s method. Lignin by removal of cellulose by 72% sulphuric 
acid, and also by the gaseous HC] method of Kénig and Becker (1919). Both methods gave 
similar results. By the use of these methods cutin is also present quantatively. Cutin was 
estimated by dissolving the cellulose in 72% H.SO, after the lignin had been removed by 
chlorination and sulphonation. In all cases the cellulose and lignin results at first gave 
ridiculously high values. This was found to be due to the presence of considerable quantities 
of resin insoluble in the concentrated sulphuric acid or in gaseous HCl, and which remained 
unaffected by chlorination. Preliminary treatment of the dried powdered material with 
N/& NaOH for 80 minutes at 98°C., according to Cohen and Dadswell’s method (1931), re 
moved the resin and gave satisfactory results for cellulose and lignin. 

Tannin was estimated on the freshly picked material by Michel-Durand’s (1929) modifica 


tion of the Carpeni-Sisley method. 


SEASONAL VARIATION IN CARBOTTYDRATES. 

In this section seasonal variations in earbohydrate content are considered. 
The total carbohydrate content of a leaf is of little significance except under 
controlled conditions. For a study of the changes occurring during growth the 
system simple sugars — polysaccharides, and the factors affecting this system are 
of first importance. On the one hand we have a hydrolytie reaction resulting in 
increased concentration of the simpler sugars, and on the other a condensation 
reaction resulting in polysaccharide formation. Both processes are enzymie, 
although it is not certain whether a reversible system is present or two separate 
reactions. All observers are agreed that the condensation mechanism is an 
efficient one, and that equilibrium is soon attained. 

Lundegardh (1914) and Winkler (1898) have shown that for every species 
there exists a critical econeentration of sugar below which stareh formation does 
not oeeur, the critical concentration being the point at which the rate of hydroly- 
sis equals the rate of condensation. Czapek (1911) and Lidforss (1898) have 
shown that in leaves the eritical point is altered by temperature. Lowering the 
temperature raises the critical concentration for condensation to starch. 
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This state of affairs is analogous to what is known of the protein synthesis 
in vitro (Wasteneys and Borsook, 1925), and supports Moore’s (1921) theoretical 
treatment of polymolecular syntheses, in which he shows that the position of 
equilibrium depends on the concentration of substance in solution, and not on the 
relative concentration of water. This is important from the point of view of 
synthesis in the plant. We must picture the colloidal particles in the plant each 
with its own hydration sphere of polarized water molecules, and only when the 
water content of the leaf has been seriously reduced can aberrations of the normal 
carbohydrate metabolism occur. A water-poor phase is not therefore essential for 
condensation. Moore has also shown that the smaller the chemical energy in- 
volved the more does the reaction become practically reversible. A rise in tem- 
perature has the same effect as a drop in chemical energy. A rise in temperature 
therefore favours synthesis and a decrease favours hydrolysis. 

Carbohydrate analyses of the leaves of the two types chosen were made at monthly 
intervals, A large number of leaves of equal age were picked on each occasion, ground, and 
sampled. In each case the leaves were picked at sunrise, to overcome local concentration due 
to photosynthesis and in order that an equilibrium state might be reached. Hourly analyses 
vf polysaccharides in preliminary experiments showed that these decreased during the night 
and increased during the day. The concentration of simple sugars, on the other hand, 
remained practically constant; in this respect they agree with the more extensive hourly 
analyses of Clements (1931). An equilibrium state therefore existed under the conditions of 
the experiment between condensation on th one hand, and hydrolysis and translocation on the 
other. Assuming the latter to remain constant, as the hourly analyses suggest, the sugar 
concentrations given here may be taken as measures of the critical concentrations. 


The results of periodical analyses are shown in Tables 1 and 2. 


TABLE 1. 


Seasonal Variation in Carbohydrate Content in Acacia pyenantha. 
Carbohydrates in percentage of Dry Weight. 


Date 1-3-32 2-4-32 25-5-32 11-7-32 12-8-32 30-9-32 28-10-32 3-12-32 10-2-33 
Water 63-0 65-3 65-0 65-6 68-0 61-3 57-21 60-66 54-20 
Monosaccharides 3-91 5-30 6-18 7-53 4-22 4-26 4-4] 4-47 3-30 
Disaccharides 1-34 2-72 2-62 2-83 1-62 1-03 1-70 0-86 1-05 
Simple sugars 5-25 8-02 8-80 10-36 5-84 5-29 6-11 5-33 4-35 
Polysaccharides 9.32 8-00 6-17 7-79 8-46 8-00 10-03 12-60 8-00 
Mean rainfall -53 1-28 2-92 4-99 3-55 3-61 2-62 1-37 -30 
Mean temperature 74-8 63-9 57-8 51-6 53-9 57-0 61-9 71-1 74-1 

TABLE 2. 


Seasonal Variation in Carbohydrate Content in Hakea ulicina. Carbohydrates 
in percentage of Dry Weight. 


Date 1-3-32 2-4-3832 25-5-32 11-7-32 12-8-32 30-9-32 28-10-32 3-12-32 10-2-33 


eo 
te 


Water 


+ 
rr) 


“5 52-8 47-0 46-7 46-4 45-4 44-3 47-5 48-0 
Monosaccharides 2-00 1-76 2-03 2-48 2-23 2-32 2-50 2-80 2-08 
Disaecharides 1-37 1-20 1-44 1-76 1-85 1-43 1-40 1-37 1-40 
Simple sugars 3-37 2-96 3-47 4-24 4-08 3°75 3-90 4-17 3-48 
Polysaccharides 9-75 9-50 8-84 10-60 9-32 20-12 17-00 11-05 7-50 
Mean rainfall -53 1-28 2-92 4-99 3-55 3-61 2-62 1-37 -30 
Mean temperature 74-8 63-9 57-8 51-6 53-9 57-0 61-9 71-1 74-1 
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The seasonal trend is similar in general outline to that obtained by Lidforss 
(1896) in evergreen leaves from northern Europe, and by Spoehr (1919) in the 
Cactaceae. The sugar concentration rises during the periods of low temperature, 
and vice versa. The polysaccharide content is greatest at the time when the sugar 
concentration is low. 

Of especial interest is the fact that in Acacia pycnantha growth commences 
at the time of maximal sugar concentration, whilst in Hakea ulicina two maxima 
of sugar concentration are found. The first of these may be considered as the 
expected effect of the lowered temperature upon the sugar/starch system; the 
second maximum corresponds to the commencement of growth of the shoots, and 
is possibly due to hormonie control. It is known that hormones, possible of a 
sulphydryl nature, play a part in the growth process, and nitroprusside tests 
showed such compounds to be present. 

The point of most importance derived from this study is, however, the high 
concentration of sugar occurring at the time of cell wall formation, that is, at a 
time when the hydrolytie reaction is favoured in the sugar/starch system. It is 
possible that the threshold value for condensation to cellulose is higher than that 
required for starch, or that some other reaction connected with the deposition of 
cell-wall materials is favoured under conditions of high sugar concentration. As 
will be shown in a later section, this is probably connected with the formation of 
tannins. 


DEVELOPMENT OF THE SKELETAL MATERIALS. 


The skeletal materials of the cell walls, especially lignin and cutin, give the 
peculiar anatomical characters to sclerophyll leaves. Consequentiy the amounts 
and the method of formation of these are of particular interest. 

Acacia pycnantha. 

In the first instance a series of leaves were picked from the experimental 
shrub and graded according to size. Simple sugars and starch were determined 
on the fresh material, and the remainder sampled and ground. In the first class 
were grouped small immature leaves, averaging 2 em. x 0-5 em.; in the seeond 
leaves averaging 5 em. x 1:0 em.; in the third leaves which had attained their 
mature size, and which were about two months old at the time of picking. In the 
fourth class were placed old. mature leaves which were fourteen months old. The 
results of analysis are shown in Table 3. 

It will be seen that the leaves rapidly attain maturity, and in particular the 
amounts of lignin and cutin increase to a marked degree with increased age of the 
leaf. There is no significant difference between the crude fibre constituents of 
leaves two months old and leaves which are fourteen months old. 

In Acacia pycnantha, as also in all other selerophyll species which have been 
examined, cellulose and pentosans (pectin and hemicellulose) are the only com- 
ponents of the cell walls until almost the mature size of the leaf has been reached. 
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Lignin is present only in the conducting tissues of immature leaves, and the epi- 
dermis is thinly ecutinized. Lignification commences only when the phyllodes 
have attained mature size. It commences at the base, and gradually extends 
towards the apex of the lamina. As would be expected, there is a marked differ- 
ence in composition between the upper and lower portions of leaves in which 
lignification is incomplete. 


TABLE 3. 
Carbohydrates in per cent. Dry Weight in Developing Phyllodes of 
Acacia pyenantha. 


A. Developing leaves, 2 X 0-5¢m. B. Developing leaves, 5 X 1-0 cm, C. Mature leaves, 
8x 3em. D. Old mature leaf, one year old. 


A. B. C. D. 
Water 65-6 68-4 65-0 65-6 
Monosaccharides 10-94 9-31 6-18 6-38 
Disaccharides 1-96 1-63 2-62 2-83 
Total soluble sugars 12-90 10-94 8-80 9.2] 
Polysaccharides hydrolized by 1% HCl 6-02 6-56 6-17 7-79 
Pentosans 7-02 5-82 5-75 5-84 
Tannin 13-29 10-79 7-85 5-38 
Cellulose 4-13 7-00 9-22 9-11 
Lignin 0-97 3-20 3-40 3-20 
Cutin 0-40 5-80 7-60 8-23 
Resin 22-20 26-00 23-30 25-00 
Ash 4-01 3-95 4-60 4-52 


The difference in texture between the upper and lower portions is easily 
appreciated, the upper portions being quite limp and tearing readily. Micro- 
scopic examination reveals lignification of fibres in the lower portions. A colour 
difference is also apparent in Acacia spp., the upper unlignified portion being a 
brownish-red colour, owing to the presence of tannin. Young immature leaves 
also show this brown colour. Analyses of such portions are given in Table 4. 


TABLE 4. 


Carbohydrates in per cent. Dry Weight in Upper and Lower Portions of 
Phyllodes of Acacia pyenantha. 


Upper Portion Lower Portion 

(unlignified ). (lignified ). 
Monosaccharides 10-80 9-00 
Disaecharides 1-89 1-62 
Total soluble sugars 12-69 10-62 
Polysaccharides hydrolized by 1% HC! 12-53 12-60 
Pentosans 4-98 , 5-80 
Tannin 14-03 4-98 
Cellulose 3-65 7-00 
Lignin 1-08 2-82 
Cutin 0-87 5-80 
Resin 22-20 25-00 


Ash 
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Cellulose, lignin, and cutin increase markedly in the lignified portion, al- 
though all other categories, with the exception of tannin, remain at approximately 
the same level. 

The amount of substances yielding furfural on distillation with 12% HC! 
(polyuronides chiefly) appears to remain practically constant. Clements (1930) 
has shown that these may fluctuate considerably, and possibly function as reserves. 
These polyuronides, especially hemicellulose, have a high hydration capacity, and 
it is possible that they confer, in part, drought resistance to the selerophyll leaves. 

The rapid deposition of cutin in the more mature leaves is marked, and 
according to Priestley (1922) is concerned with fat metabolism. This aspect of 
sclerophyll leaves has not been investigated. 


Hakea ulicina. 


The fibre constituents in this species parallel in a general way those in Acacia 
pycnantha, but are greater in amount. In Hakea, leaves up to three years old 
remain functional on the shrub, and are readily sorted according to age. The 
young developing leaves attain their mature size in about a month from their 
emergence from the bud. 

In Table 5 are shown analyses of leaves which are two weeks old and totally 
unlignified, 6 weeks old, 6 months old, 18 months old, and 30 months old respee- 
tively. 


TABLE 5. 
Carbohydrates in Leaves of Different Ages of Uakea ulicina. 


A. Young unlignified leaf, picked 4-12-32. B. Young partially developed leaf, picked 


4-12-32. C. Mature leaf, 6 months old, picked 2-4-32. D. Mature leaf, 18 months old, picked 
2-4-32. E. Mature leaf, 30 months old, picked 2-4-32. 
A. B. C. D. EK. 

Water 62-0 57-5 52-8 45-8 47-6 
Monosaccharides 2-50 2-82 2-80 2-82 2-90 
Disaccharides 1-76 1-52 1-37 1-18 1-10 
Total soluble sugars 4-26 4-34 4-17 4-00 4-00 
Polysaccharides hydrolized with 1% HCl 11-80 10-97 11-05 11-00 10-10 
Pentosans 6-98 8-31 10-46 9-00 8-98 
Tannin 10-40 8-60 6-00 5-62 5-20 
Cellulose 14-32 17-02 20-32 19-00 19-08 
Lignin 0-65 4-84 5-40 5-50 6-60 
Cutin 2-00 9-31 13-84 13-90 13-78 
Resin 18-20 14-50 12-00 11-17 14-40 
Ash 3-74 3-80 3-64 4-00 3-91 


4 
It will be seen that leaves C, D, and E are practically identical in composition. 
Comparison of leaves, A, B, and C shows the rapid progress of lignification and 
cutinization. The pentosans and resins remain approximately constant, but the 
high tannin content in the unlignified leaves compared with the lignified is again 
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marked.  Lignification again commences at the base of the leaf, and extends 


towards the apex. 


THE ROLE OF TANNIN IN SCLEROPHYLL LEAVES. 


The marked decrease in tannin content with increasing lignification suggests 
strongly that in selerophyll leaves the metabolism of tannin is intimately con- 
nected with the formation of lignin. It is not suggested that this is by any means 
the only function of tannin in plant cells. The tannins indeed seem to be as 
various in function as in constitution. 

In every leaf of the South Australian sclerophyll flora which has been exam- 
ined (over 60 species) tannin is present in greater or less quantity. Even xero- 
morphic monocotyledons like Yanthorrhoea and Dianella contain considerable 
quantities of tannin. Microscopic examination shows that tannin is present in 
the palisade layer in large quantities. It is present in greater amount in the 
younger leaves than in the more mature, but is constantly present in this tissue 
throughout the life of the leaf. In other tissues its distribution varies with the 
stage of development of the leaf. 

Three types of tannin-producing plants in the South Australian sclerophyll 
flora may be distinguished : 

(1) Plants producing tannin continuously ; tannin at first distributed in all 
cells, but later found only in the palisade tissue and conducting tissues. In this 
group considerable quantities are transported to the bark, e.g., Acacia spp., 
Eucalyptus spp. 

(2) Plants producing tannin in small quantities, but in which little is trans- 
located. These plants show gradual seclerenchyma development throughout life, 
e.g., Proteaceae generally. 

(3) Plants producing little tannin in palisade, which migrates to special 
cells in conjunction to lignified tissues, e.g., Grevillea stenobotrya, G. nemato- 
phylla, Banksia marginata. 


Seasonal analysis of tannin content is of little significance, owing to the fact 
that tannin is not a component of a system in equilibrium and is translocated. 
Michel-Durand (1929) has shown in Castanea vesca that high tannin content 
coincides with high concentration of simple sugars. Its presence generally in the 
palisade tissue also suggests a close connection between high sugar content and 
tannin production. Its presence in high concentration in regions of high sugar 
concentration in sclerophyll leaves also supports this thesis. 

Its disappearance with the onset of lignification in Acacia pycnantha is 
shown well in Table 6, in which the amount of tannin in the upper and lower 
portions of leaves in which lignification is incomplete was estimated. These leaves 
were from different bushes. 
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TABLE 6. 


Showing Tannin Content in per cent. Dry Weight in Portions of leaves of 
Acacia pyenantha. 


Upper Portion Lower Portion 
Plant. (unlignified ). (lignified). 
1 15-45 5-38 
2 12-62 4-58 
3 13-71 4-84 
4 14-53 4-98 


Reference to unlignified and lignified leaves of Hakea ulicina in Table 5 also 
shows the association of tannin and lignin. The tannin of Acacia pycnantha is a 
catechol tannin, that of Hakea wlicina a phloroglucinol tannin. 





Text Fig. 1. 


a. Banksia marginata, Cav. Transverse section of leaf, showing distribution of tannin 
in hypodermal layer and in mesophyll. Tannin shown black. b. Grevillea stenobotrya, F.v. M. 
rransverse section of leaf. Tannin in special cells associated with lignified fibres. 


Histological examination of sections of leaves in various stages of develop- 
ment confirms the biochemical evidence. The association and disappearance of 
tannin with lignification is shown well in plants of the third group. In Banksia 
marginata, for example, the sub-epidermal layer in unlignified leaves is packed 
with tannin; when lignification occurs a row of sclerenchyma cells forms below 
this layer, and the tannin disappears from the hypodermal layer (fig. la). In 
Grevillea stenobotrya the association is even more marked, for isolated patches of 
lignified tissue are found in the leaf, as shown in fig. 1b. In every case the dis- 
tribution of tannin is restricted to a few cells adjacent to the lignified cells. Prae- 
tically all of this disappears on lignification. 

In Acacia spp., and in plants of the first group, the cells of the bundle- 
sheaths and those adjacent to the developing fibrous cells are likewise rich in 
tannin. In the mature leaves tannin disappears from these cells. In leaves of the 
second group a somewhat similar state occurs. The tannin at first is present in 
practically every cell of the central tissue of these cylindrical leaves. Later this 
central tissue becomes lignified and the tannin disappears. 
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The réle of tannin in sclerophyll leaves therefore appears clear. The richness 
of the chlorenchyma cells in tannin suggests a product intimately connected with 
sugar metabolism, and the phenolic nucleus in tannin provides a starting point 
for the lignone complex of lignin. 

It appears, therefore, that the outstanding characteristics of Australian 
xeromorphic plants are determined, not by water deficits, but by fundamental 
changes in the metabolic flux of carbohydrates. This in turn is probably due to 
mutations in protoplasmic constitution, which have been perpetuated in allied 
genera (Blackman, 1921). In what way drought resistance is connected with 
the small thick-walled cells is not clear, although it is possible that hemicelluloses 
may play a part similar to the pentosan colloids of the sueculent and semi-suceu- 
lent plants. 


SUMMARY. 


In this paper the new criteria which have been advanced as the distinguishing 
characteristics of plants of the sclerophyll type have been examined critically, and 
many have been shown to be untenable. 

In particular, the underlying metabolic processes determining the formation 
of cell-wall materials have been investigated. The sugar/starch relations are 
similar to those found in other plants and show similar seasonal variation. 

Growth of the shoots commences as a rule, not during the arid summer, but 
during the wet winter, when the sugar concentration is high and water deficits in 
the cell do not occur. The leaves rapidly attain their mature size, and the dis- 
tinguishing features of sclerophyll leaves—a high degree of lignification and of 
cutinization—do not commence to develop until mature size is attained. 

The formation of lignin in these leaves commences at the base of the lamina, 
and appears to be intimately associated with tannin, which disappears as lignin 
is formed. This is supported by chemical and histological evidence. 

It is suggested that the strueture of sclerophyll leaves is determined by a 
deep-seated mutation of protoplasmic constitution, which brings about changes in 
direction of the carbohydrate flux. 
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In exact experimental work in helminthology it is necessary to work as far 
as possible with sheep infested with a single species only, or a number of species 
of a single genus. Pure infections are usually set up by drenching worm-free 
lambs with cultures of larvae of the species required. As a source of supply it is 
necessary to infest heavily a worm-free lamb. 

Pure cultures of larvae for infecting the stock lambs, from which further 
supplies may be drawn, are usually obtained by culturing female worms of the 
required species in vitro, and collecting and culturing the eggs laid by them. 
Such a method has two disadvantages: (a) That in the ease of poor egg-laying 
species, such as Ostertagia spp. and Trichostrongylus spp., considerable diffi- 
culty may be experienced in obtaining an adequate supply of eggs and larvae 
with which to infest the stock lamb. (b) After drenching the stock lamb with 
infective larvae, a period of three to four weeks must elapse before adequate 
numbers of eggs are passed either to super-infest this lamb or to infest other 
experimental animals. 

It was decided to try drenching stock lambs with adult female worms, in- 
stead of with infective larvae, in the hope that they might become established and 
continue egg production immediately. 

Adult Ostertagia spp. were obtained from the abomasa of sheep 
slaughtered at the Abattoirs. Each individual parasite was examined under the 
low-power objective of the microscope, to be certain that it was Ostertagia spp. 
In the case of one lamb (S103), shown to be worm-free by a D.C.F. examination, 
a preliminary drench of 200 ¢.¢c. 5% sodium bicarbonate solution was given, which, 
according to Wester (1930), produces reflex closure of the oesophageal groove. 
This lamb, which was two months old, then received 100 mixed male and female 
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Ostertagia spp. Three days later ova appeared in the faeces, and, by culture of 
these faeces, larvae were obtained with which to build up the infestation. After 
seven days the lamb was passing ova at the rate of 100 per grm. of faeces. 

In the ease of a second lamb (S203), which was one week old, no preliminary 
drenching with sodium bicarbonate was carried out, since Clunies Ross (1931) 
found no evidence that this would bring about reflex closure of the oesophageal 


groove. This lamb was given the following numbers of adult Ostertagia spp. in 


saline : 

On 1.3.32, 75 females and 48 males; on 11.32.32, 111 females and 61 males; 

on 5.4.32, 101 females and 44 males. 

Apparently a large percentage of these parasites survived, since on 14.3.32 
examination of the faeces by D.C.F. revealed an egg count of 262 ova-per grm. 
On 30.3.32 the count was 240 ova per grm., and it was maintained for approxi- 
mately a month at or about this level. After this the count was augmented by the 
commencing oviposition of parasites developed from larvae given with the adult 
worms on 5.4.32. 

A third ease has recently been parasitized in this same manner. The lamb 
was four days old, and received 200 mixed male and female adult Ostertagia spp. 
in saline. D.C.F. examination of the faeces two days later showed the presence 
of a few Ostertagia ova, while subsequent examinations have shown that the infes- 
tation has persisted. An infestation with Haemonchus contortus has recently 
been established in a similar manner. To a lamb seven days old 300 mixed male 
and female, but chiefly immature, parasites of this species were administered in 
saline. Ova did not appear for approximately a fortnight. 

It thus appears that it is a relatively simple matter to set up an infestation 
with Ostertagia spp. and Haemonchus contortus in lambs, merely by drenching 
with adult parasites in saline. Attempts to establish infestations with Tricho- 
strongylus spp. and Nematodirus spp. in a similar manner were not successful. 
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